BD 182 



SB 029 851 



AUTHOR 
TITLE 

INSTITUTION 



in the Union of- * 



SPONS 



AGENCY 



PUB DATE 
COHTBACT 
NOTE 

AVAILABLE 



FPOM 



EftRS PRICE 
Ij^fiSCRIPTORS 



Davis', Robert B,;^An(l Others 
An Analysis of HatJieiatica Education 
Soviet Socialist Republics. , , 

ERIC Information Analysis Center for Science, " ^ 
Hat hematics, and • Environsental Fducation, Colu|bus,. 

Ohio, 

National Inst, of Education (DHEH) , (Washington, 
D.C. 

Dec 79 ■ , • • 

qOO-7B-OOOM \ . 
194p. 

Information Reference center (ERIC/IRC) , 
StWf.e dniversity, 1200 Chambers Rd, , 5rd 
Columbus, Ohio U3212 (SU.25> ^ 

Mr01/PC09 Plus Postage. . 

Bibliographies: Com«unication Problems; EduCationlii 
Development: Slementary Secondary Education; 
♦International Educct ion : *Ha thematic s Curriculum; 
♦Mathematics Education: *Math€matics Instruction; 
Problem Solying: *Pesearch . ^ 

♦Information Analysis Products: ♦Soviet Education: 
Union of Soviet Socialist Republi^cs 



J 

The Ohio 
Floor, 



IDENTIFIERS 



ABSTRACT 

The current status of mathematics ^education in the 
onion of soviet Socialist Republics is reported*' The perceptiorfs of 
Davis and Romberg reflect their own observations and discussions with 
Soviet edjicatdgcs. Kantowski and Rachlin give, their impressions 
resulti;^g from reading reports on Soviet research technlgMes aha 
finding§^ |avis and Romberg discuss colnmon pracl^Jces, in present' 
Soviet schools, difficult ies^ ift language, .Soviet^ath€«atic» 
curricula, and mathematics education research and development in the 
Soviet Onion* Rachlin considers Soviet ap^xroaches to the study of 
problem-solving processes in mathematics^ while Kantowski gives ^ 
another view of the v^alue of studying mathematics education research 
and developrt<9nt in the^Soviet Onion. (MK) ' ' 



♦♦♦♦♦♦♦■♦1|t*i*c*»********** *****<*****^^*V* ♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦*♦♦♦♦ ♦♦♦♦♦♦ 

♦ Re\pro duct ions supplied by EDRS are the best that can be made 

* - from the original document.' » * 
♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦* ♦♦♦♦♦♦ 



.AN ANAI.YSTS OF MATHEMATICS EDUCATTON 

IN- THE 

UNION OF SOVIET SOCIALIST REPURT/ICS 



t> % Ol r AN T Ml N t 09 »«• Al T H 
•I put A T ION 4 Wl I » AMI 
NAIIONAl INMIUMI; 09 
I C»l)< A T »ON 

IK)^UM|, N> MAS l\H N Ul rtU) 
OIK 1*1) I X ? I > AS »M ( t f VI I) * 
»»M t'l N NOfv^ out, A N«/ A 1 i{»N OH »U «N 

ATiNi. II r<>lNiNt)» V H W ( OI'IN l(»N*. 
M A I I (> (H^ -NO » Nl ( I *.NA»; II V »U »*H| 
S I N 1 U » » I * *A I N A 1 I O N A I i N *. 1 i H I ! | ( W 



Robetrt B. Davis 
Thomas A, Romberg 

Sidney Rachlin 
Mary G. Kantowskl 



Clearinghouse for Science^, Mathematics 
and Environmental Education 
Th« Ohio State University 
College of Education 
1200 Chambers Road, Third Floor 
Columbus, Ohio 43212 



December^ 1979 



Ik 



MattMOAtics Education Reports 

Math* ma tics Education Reports davalopad to dlSMmlnate 

Information concerning mathematics education documents analyzed at: 
the ERIC Clearinghouse for Science^ Mathematics and Environmental 
Education. These reports fall Into three broad categories. Research 
reviews sumnarlze and analyze recent Research in specific;^ areas of ' 



ithematlcs education. Resource gu 



i^eaK 



dentlfy and analyze materials 



and references for use^ by mathematics teachers at all levals* Special 
bibliographies announce the avallaf>lllty ^of \documents and review the 
literature in selectee^ Intf^rest areas of mathematics education. Reports 
in fach of these categories may also be targftted for specific subpopula- . 
tioQS of the mathematics educat^oi^ community. .Priorities for developioent 
of future Mathematics Education Reports are established by the Advisory 

Board of the Center, in cooperation with, the National Cotincll of 

> /' ■ 

Teachers of Mathematics, thci Special Interest Croup for Research in 

/ / 

Mathematics Ediicatlon* the Conference Bo'atd of the Mathematical Sciences, 
and other prof e)filonal groups in mathematips^educatlon. Individual 
connents on past Reports and suggestions for future Reports are always ^ 
ilcomed by the Associate Director. 



ERIC 




This publication was prepared with fundtiig from the National 
Institute of Education, .U.S. Department of Health, Education, 
and Welfare under contract* no. 400-78-0004. « The opinions 
expressed in this report^, do not necessarily reflect the* 



positions or policies of NIE or HEW* 



3 



Editor** Foreword 



Thla publication ^was prepared at the Invltatlan of Nat:^oual 
Ifistltute of Education to report, on the current statue of wuitti'enj^ 
education In the Union of Soviet Socialist Republics, It j)>>iip^(**velOp*d 
by tvo persons who visited the Soviet Union ;i year ago H^'^'^lDayld ^ 
and Tom Romberg — and* two persons who have spent,' the |i«et*'i^fital 
years delving deeply into the available Sovlfet l^lt^rature'^ba^ae lp mathe- 
matics education Mary Grace KantowSkl and Sid Rachltiji^ , T^«y vere 
^ided by the specific knowledge of others, whom -they^acluj^ow 

The chap^£jf^ unfold the perceptions o% Oa>^ la and Romberg » wrrltlng 
from, the Immedlcacy of their visit with ;tti» kaleidoscope of bbservatlong 
of Soviet schoole and discussions with iMkdlngf Soviet educators In 
contrast are the careful analyses of Kantowskl abd Rachlln, 'unfolding 
their Impressions gleaned from reading repoiftn on So^et research techh^ 
Iques and findings. The curi*lculum In^Sovlet 8chool>i#^ Instructional 
practices, research Ideas, and the general milieu of the students, 
teachers, parents., and others In a system that has different heritage, 
and thus different Strengths and weaknesseia, from the Jymerican syat«^ 
are presented. 

ERIC/SMEAC Is pleased tp make this book' available- t\> readers. It 
provides Information and Impressions, and ini^cates i|ome benefits of 
International comparisons. The need for a peanalysis of what research 
and development In curriculum and Instruction are all about is thus 
apparent. . 



Marilyn N. Suydan 
, Editor 
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Chapter I ^ , 

Explanation of the Present Qocument 

♦ 

Robert Davla 



^ In the spring of 1979, fii^ National Institute of Educatien request^sd 

the. preparation af an amfclytic report oil "MathematJ.cs Education in the 
Unlbn ot Soviet Socialist Republics** that should include inforioation on 
.%hm following matters: . 

. . • • • 

' 1) A descViption of the state of educational iptesearch^ development; 
^ and practice ija. the U.S .S .R/ in the area of the teaching and 

^ learning of mathematics, - * 

2) Opportunities for the United StatM to conduct observational 
rtesearch on Soviet practices in the teaching and learning of 
mathematics, and of research and development in matfhematics 
education. 

'3) Areas in which Soviet research coui4 eph^nce U.S. researcher^* 
ability to def ine research questions «r appxojach research 
problems differently, or in which Soviet practice mlj^ht bA 
especially relevant^ to the U.S.-- 

4) A ael^cted bibliography of the nost Important; publlca|:lons 
In the field. ... ( 

.1 

N.ItE. further requested that partlclilarly careful at tent lojy should be 
paid to two matters: the effective Imptoveiaent of actual dally cliEtss- 
room practice, and the question of .educational equity. 

The present report Is a''respqnse to this asslgmeiit* prepared by 
a gtoup of UJB. researchers edch of whom ha)| some lonowledgc of Soviet 
work. . ^ .J . ■ . .. • 

The form of this report deserves explanation. Any. analysis of . 
Soviet research and development ('IR and D") In matlMMtttics education 
Involvas some fund2unental judgments that are matters, of dlsagreenent 
e>ir«n among reasonable peo^^e. \t first glance, on« might aa'y that 
riiiearch seeks the truth about reality, and devlo p i mi t if ^oncamed 
both with the *lmprovemfmt of practice and with the ere^iott of better 
tools for future research. Ian* t' this clearly objatctivs, md raised 
abova €h« level of possible diaagr^ementii? 
* ■■ 

In fact, it is not. WHatavar R and D is dpn* gzo«» out of the 
rulity of existing classroom practices— irhi^H vary cott»idat«bly, and 
are not the">ame In the U.S. ajid In the U.S.S.R.— amd i» done in 
nisponcil^ to percept iona of . what is ' needed, wtiat is poaaible, and what 
would be valuable. But there are varfatlons of a sm*** aubtl* aoiri:; 
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RaMarch g^rows out of exlaflng conceptualizations. As Kjihn (196i) 
points jput^ when Lavoisier and Priestley Independently heated an orange 
povdef and obtained a colorless gas^ their realities were essentlallv 
the same. Their conceptualizations ^ however > were entirely different. 
Priestley conceptualized this reality in tejTns of adding the fluid 
caloric C^r^the powder, and obtaining dephloglstlc^ted air as a result. 
Lavoisier y oh the other hand. Invented the idea of ^'elements*' and ''com- 
pounds," and ^:oncluded that the red poWder was a coppouiiid which, upon 
being heated, had decomposed Into its elements* l)e«plte correppondenote 
between them, neither was able to convince the other'. 

It may well be the case |j|^at a human b^lfig '•£t^nklng mathematical ^ 
thoughts," and human studeTnts in a sociaf situation which is Intended 
to help them learn mathematics, are both realities at least as complex 
as the orange powder of Lavoisier and Priestley, and at ^east as sus- ' 
ceptlble to alternative conceptuall2ation,> Indeed, anyofte familiar 
with mathematics education over the past five ox six decades <!an hardly 
dbubt it . ^ V . 

In faot^ a ma^'or part of the value in studying Soviet mathematics 
education is to lea^ Yvom the contrasts between their aonaeptualiza^^ 
tiona and those, that are current in %he ^United States^ i One must reallase 
that the goal is not t/^ decide who is right and who Is wroAg* . "Probably 
no conceptualization represents the whole' truth. The goal, rather, is 
to compare and contrast alternative conceptualizations, thereby m)|fvlng 
on to new and Improved conceptual Izat ions • - , 

/ _ - . . , . ^ ■ ■ 

But even within thq United States there are different .conceptual 1-. 
zations, Jboth as to how to analyze "mathematical* thought" In all its 
diverse ramif icat ions , ^*and also as to how to analyze the social settings 
and activities that constitute the teaching and learning of mathematics. 
Mathematical thought Is considered by some obsferWrs to be the. rote^ 
process of carrying out an' explicit memorized algorithmic procedure, 
by others to be a sophisticated process of combirilQ^ procedures and' 
cre.atlvely modifying procedures (evety to the point of; inventing nev 
ones), dnd by yet other observers tp/be a complex process Involving meta- 
language, heuristics^ and so forth. Over the content of mathematics to 
be learned there are disagreements, as there are over the questions of 
what kind of behaviors to ei^pect,^ and undeV what conditions. (Should a 
calculus^ test be open-^booic? Should students be allowed t'o use hand -held 
calculators on a test? Should students know Inmedlately the factorlica- ^ 
tion of xy + 1, or may they* take time to work it^ out? . Should mathematics 
tests be' timed, or should students be allowed all the tim^ they need? 
Should two students be allowed to collaborate in solving a problem? Must 
'students be able to justify on logical grounds th# stepls they take? The 
list of uncertainties is very long, and range fttm minute details to the 
most sweeping fundamentals ») 

We are, in general, more Interested in major differences in concep- 
tualizations than' l|i^ details. If tbte phenomena t h s t w i sliftia^ ar« vleved 

differently, there are perhaps even greater differences in answers ^to 
the queaikion of how to study these^henosena and what sort of "^knotr- - 
ledge" to seek. Are case studies V^eful? Should individual difference 



b« d«»ab<lb^d In terms of a small number of variables, moatly numerical 
(am In reporting that a student has an I^.Q. of 142)? Should one observe 
primarily (o^^olely) the products of a student's mathematical effort 
(which usually means the sti^dent's. f ina^>AawersX-^^ or should one study 
the process by which thesA" answers were produced! ( 

. Becatise of the range of different conceptua^aAtlon»»^ even among 
present-day U.Si experts, this report hae been prepared by e groMp of 
cbl labor's tor 8, each of whom attempts to buij.d on him or her own concep- 
tualiiiations, values, and judgments. We believe thl» of fer« • aoMnder 
basis ^or conclusions than could be obtained from angr sltlgj^e perepec- . 
tive. In point of fact, however, there is a fairly •ttbec«|lll^jtel agree- 
ment .on fehe main matters th|t are dllicuseed^ (The authars 0f th« 
various chapters" are explicitly identified. In addition to the main 
group of collaborators — Sldnpy Rachlin, Xhe University of Calgary v 
Thpmas Jlomberg, The Univetsijiy of Wisconsin-Madison; Mary Grace 
kantowski. University of Florida; and Robert B. Davis, University of 
Illinois, Urbana/Champalgrt — important assistance has been refceived 
froiA Bruce Vogeli, Jeremy Kilpatrlck, W«lte;c Reltman* Iraak JJlrs^up, 
Leon Henkln, Lee Shulman, Donald Michie, 'Peter Maggs, and Harold 
Hodgkinsoa,) 

Given the uncertainties, ambiguities, lacunae, and disagreements that 
we have encountered in our attempts to aasemble relevant descriptive^ 
materials, we are well aware that there' are almost certainly both gaps 
and errors in Our final result. We^ask re&ders to acpapt this report 
for what it is: the Ij^st description of Soviet R and D in mathe- 
matics education, and its relevance to U.S. practice, that we cduld 
put together w^ihln reasonable constraints on time and other resources. 
Readers who send us corrections or additions will find us grateful, and 
not. disposed to argue. _ 



Rttf«rence 



Kuhn» Thomaa S, The Strupture' of ^ Scientific RevolutloM l Chicago: 
University of Chicago Press » 196i* ^ ^ 



Chapter II 

Connion PracticM in Present Soviet Schools 

1 

Robert B. Davis and Thomas A. Romberg 
i4, SomQ General Remarks 



Within the past 15 months, both of tis have ha^ opportunities, ^^ W^lht, 
^Official U.S. delegates and guests of the Soviet government, to visit ^ 
schools in several cities in the U.S.S.R*^ Considering the size of 
the U.S.S^R., the divexsity of languages3 and cultures which it 
includes' (e.g., Eskimoes) , the range of life styles (from peasants to 
nuclear physicists, from sparsely populated rural areas to Moscow and 
Leningrad, from the Baltic to the Arctic)^ and the rans^ of cultures 
(northern European,*^ southern Europeap, Asian, and so forth), we sus- 
pect that at best we have seen very, very little of schooling in the' 
U»S.S»R. There is the further problem that |fe have seen a non-random ^ 
sample of Soviet schools. Yet both of us iiwiependeiitly arrived at 
similar conclusions, which have subsequently been cqntpared with those 
of Bronfenbrenner (1970) and of Smith (1977) and fouiSd to be substan-- 
tially similar. Hence, we have some conf Idence^that onr perceptions 
correspond to at least a piece of the reality ^ox Soviet schools. 

/ 1* The first thing that strikes you, the moment you enter a 
Soviet school, the orderliness: Children are polite to adults, 
polite to one Mother, and attentive during lectures* , For U.S* 
visitors, this is a surprising novelty* 

2* To the preceding remark another taust be added immediately:^ 
a visitor can see no evidence of blatant force or compulsion* Arch- 
itecturally, schools are reasonably open and inviting^ There are no 
police in sight. Windows are not barred, there is no great prevalence 
of locked doors, keys, and so forth* Clearly, there is adult control 
— a world of children would be far- less orderly — but the controls are 
subtle^ even warm and loving* 1^^^ 

3* That brings lis .to a thiru pointy on which we. rely primarily, 
on the reports of Urie .Bronfenbrenner, Hedrick Smithy and Harold 
Hodgkinson: the* Russians give a very high priority » and a deep, warm 
affection^ to children. The Soviets provide food^ clothing, and 



/ 



him wish to acknowledge the valuable aaalatance of BMca Vogeli and 
Harold Hodgkinson in putting together thia view of ttaaaiazi achoola^ 

Specifically, Moscow, Leningrad, Tallin, and Kieir. 

■4 

^For «xanpl6, it is worth recalling that Russian la thm principal lan- 
gimga of less th«li SO percent of the population of tha U>S»S»R. 
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. laedlca^ care lavishly to children — far taoSPlavlshly than to adults. 

' Children who don't fcven like caviar may get some, at thfi Expense of 
adults wWo crave it (and it is typically in short supply). The 
Soviets claim that every school has its own full-time physician, 
despite evidence of inadequate medical care of adults. Grandmother^, 
wait outside schools to walk home with their grandchildren. When thte. 
movie The Rueeians Are Coming portrays SoViet sailors abandoning other 
activities tfo rescue a chlfd who is In danger, the film ±9 true to a 
deep trait in Russian character. Many generally similar incidents 
have been teported. This looks very strange to the eyes of an 
American, visitor. 

Workers, astronauts, and top-level scientists all find time to 
work with young people: the astronaut^ Yurie Gagarin sponsors a club 
in the ^io8Cow Pioneer Palace; A. N. JColmogorof f , one of the greatest 
matiwillatlcians of the twentieth century, sponsors, a hi^h school and 
teaohea in- it' t}\i*ea times a week, (The tradition Is not new: Leo 
Tolstoy created and operated a schodl for peasant children,) 

Responsibility for young children is enthusiastically accepted 
even by teenagers; there are many "reports of tec;nagera spontaneously 
(and affectionately) showing care and concern fctt; childiren* Vtrangfcrs 
to them, whom they encounter .pifi th^ street., ' ♦ ^ , . 

4. One of the most strlkih'g cKaracteristics'' of Soviet ^hoajji^??! ; 
and of Soviet life in general, is the/aatlectt^^, [k student 

of a group of students, and eveiy?. student in the- group has r«spoWi*{> , ' 
bllity for every other student in the group. -If a studetat is not - ♦ 
learning satisfactorily, the group — ealled the "Jcollectlve"— must deal- 
with the problem. Similarly, if a student is not doing his or her 
homework, or is being tardy, the group takes action. 

Kor is tlie collective limited to .students In school. Even the 
American visitor, traveling for two weeks with a group of Soviet and 
\ American educatots, finds that he or she is a member of a collective. 

In fact, it can be a surprisingly supportive and reassuring environ- 
njent — one is never alone, never faces alone the problems of currency 
or transportation or housing. The welfare of every member of the group 
is the business of — indeed, the responsibility of — every member of the 
group. * • , • » 

5. Hedrlck Smith reports on "parents night" In a Soviet school. . 
In the tl.S., parents night is typically an occasion for teachers to 
report to parents, to be questioned by parents, not infrequently to 
b« accosted by parental complaints, requests, and demands.. One might 
give the capsule description: pkrents sit In judgment on teachers. 

Parents night in the U.S.S.R. Is quite the op9os;U«Vj Th« voice 
* of authority is the teacher's. If Iv>an has not been dtflM^ his home- 

work, this deficiertcy will be publicly proclfltted, and Wilp's parents 



Kill be publicly :adnianl8hed and told that th^y must correct the problem. 
There are even reports of authorities restricting the vacations awarded 
to iJarinta of childt;en mJm are d.oli|g poorly in school \ ' ^ 

r. ' 6. The general atmosphere In schpols is regularly reported as 
warmv^cari^g^^ even Ipving, * • 

7. If a grc^lTt deal I9 gi>>en t9 chiidreu, that does NOT include 
jradividual .choice. The same Is true for visiting U.S.. gueslis: the 
^Jcollective provided good me/ils- and^excctllent, entertainment but i< this 
evening's schedule callis ,for going to the c^cus, Russians 'will not be 
.'prepared* for an individual member of the cofliective to express a pre- 
ference for goln& to the ballet. That sort of thisfg simply i,an*t done* 



8. In regard to the general appearance of .Soviet schools that we 
visited, physically the rooms were clean, well-lit » well-equipped, and 
attractively decorated. The walls displayed a proijcffK^A of soci^ 
consciousness statements ("A Pioneer does his homewtllE^catefully^" "A 
Pioneer obeys his parents y"). Classrooms had paired Xpw^, of desks 
firmly fixed to the floor. ^ Students were dressed in ulilrorms, raised 
their hands to be called on, and stood up to recite* However, students 
did talk quietly to^their deskmates, with whom they share answers and 
discuss the work. / [Indeed » Soviet students spend more time copying 
answers from oth^r studehts,' or from the teacher's work» than an 
American visitor is prepared to accept. This copying Is NOT cheating: 
it is an official (and very common) form of "helptilg."] 

9. As to the yrole of Soviet teachers, beginning vAth the fourth 
grade, mathematics is always taught by a specialist teacher who teaches 
nothing hut mathermtios . This applies to every grade level, from grade 
four upward. 

Furthermore, it is always taught in the same way In every class^ 
room throughout the country. Teachers follow a prescribed didactj^c 
kequence involving first a lecture, then questidns*. Students f6llow 
in somewhat rote fashion, upon the prodding of teachers • . In the Soviet 
instructional system^ the teacher is viewed as a conduit • Teachers ere 
NOT supposed to adapt or chatige materials to. meet the needs of their 
students. Teachers are not seen .as professional decision-makers respon- 
sible for planning the curriculum 7*** 



Her^ again we see the eolleative in opetation* '*HaB» asslgnment^i"— wrk' 
that a child should do at home — Is, in effect, a i;;esponsibility of ^the 
''home collective The family is responsible for making sure that Ivan 
gets the work don^, and assists him with it. If the ehUd does not get 
it done^ It is not his* fault alone: it is the whol*' faiiily^s fault • 

Grants are expected to 'assist the school* not only Jjn thm mett^r of hoiine 
assignments, but in other things as well. We have visited schoals and 
fouiid parents making bookshelves^ flooding a playgrottnd to make an Ice 
rlnk» etc. Parents are expected to assist in the operation of the schools. 



The Job of a school teacher in the U.S.^.R. is tb carry out a 
well-^esigned, carefully elaborated progri^ of instruction. Indeed,^ 
inspectors check 6n teac^hers to see that: they are teaching the 
syllabus as intended. , If teacher wants fo adapt a pi:ogram of 
instruction, it is expected that, he, or she will get permission and 
an inspector will in turn check to aeedthat there a rationale for 
making the adaptation, and that the results of the adaptation are 
appropriate. It assumed that teachers treat all students equally.. 

In sumnvary, teaching in a Soviet classroom is more formijl and 
institutionally structured than in U.S. classrooms. The teacjier/s 
. role is functionally presfcribed. None^theless — perhaps surprisingly — 
the school ptmoaphere is markedly one that is caring and supportive. 

✓ 

10. The organization of the schools differs from that in the U.S. 
The education of the young is defined differently in the U.S.S.R., as 
we shall see in later sections. But it would be fair to say that, to 
begin with, it is split into two parts: schools and Pioneer Palaces. 

From morning through early aftamopri each child attends a school, 
in late afternoon, nearly all childrei^ attend a quite different insti- 
tution, known as a Pioneer Palace. The Plorieer Palace — possibly one 
of the most impressive structures in town — is something ^Ike 4 combin- 
ation, in a single instit;ution and a single building^ of what in the 
U.S. would be parceled out to many different institutions: the YMCA/ 
YWCA, museums, zoos. Boy Scouts and Girl Scouts, piano lessons^ music 
clubs, student orchestras,' computer clubte, ballet lessons, and so 
forth. 

■ " • v 

In a Pioneer Palace you may find: ^ 

. r - ' ^ ' ^ 

a) a "JFrienj^ship Club," composed of children vho are learning 

Ettglitth, and who correspond with childr% in school in varioua, 
Bnglish-speaklng countries around the world, read books (in 
' English) from the U.S., etc. 



b) "^rfLlet closes (Russia is, after aid, Russia) 

-f J . • " : ' . \ . 

ci a' ^otajput^r ,club, where students make and use computers 



d) a?p^J^ttrc astronauts" club, which has flight simulators and 
^t:hir equipment 

# e) a radio club, 'where students miike radios 

S ty a zoo, where students care for th« anlnula 

; j|) a "future farmers" club^ where students learn about m%T±^ 
-<-:^^S culture ' ^ 




h) classes in ..painting, ceramics, and sculpture 

i) cooking classes |^ 



r 
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j) classes In dtesatnaklng 

k) classes in Interior decoration ^ ^ . 

1) science alubs 

m) svlnanlng instruction ^ 

^ classes In how to set a table /hcfw to entertain, "gcwd 
manners/* ^etc. " \ i . 

' o) a model railroad club 

. - • ' ' n „ ' ' 

p) an aquarium cared for by students 
q) a drama club 

and special Interest clubs of other types, . 

• . - / i 

The personnel at a Plqneer Palace have quite different educational 
"Backgrounds from those In schools. They may be chemists, working paft 
time (perhaps as volunteers) at the Pioneer Palace. Some actually are 
professional astronauts. 

One' Immediate consequence of the dual system is 'important for U.S. 
educators: because the "activity" and "special Intejrest^^ classes are 
in the Pioneer Palace, they are not In schools. The school Is a formal, 
academic place. The familiar U.S. problem of seeing depending courses 
in Euclidean geortetry or English losing out in the competition with 
more "exciting" (and less demanding) courses in f ilm-«aking» shop, the 
lyrics of rock music, or television viewing cannot occur in Soviet 
schools. These "activity" and "special Interest" cdurses are rtot pai^t 
pf the sahool at all. They happen at a different time and in a differ-* 
ent place. The school deals with the serious academic subjctcts« 

B. Soviet Sahoola and Ciarricfula 

Deferring, for the moment, any furthet discussion of Pioneer 
Palaces, we turn exclusively to. the question of Soviet schools, which 
children typically attend for the- moiling find the earlier part of the 
afternoon. Descriptiotis of the Soviet* system vary somewhat (as do 
descriptions of the U.S. system), but the gefieral pet tent seems to be' 
as follows « 

G^nmrdl Pattern 

1. Pbr the youngest childreo — b^loir iige 7--e neir syebnt of early 
childhood education has recently been devised » and le now' in the pro- 
cess of being implemented. These schdols are an impire^slve Innovation^ 
accepting (if parenti request) even very young infante^ and plscing 
equal emphasis on academic learnings ^*up-bringing^* (an interesting 



Soviet feature which we discuss' below) , physlcai care, and , social 
development. Thcaie schools are unmistakably worthy pf ptudy In them- 
selve9; since, however^ they do relatively lltt;le .In, the way of teach- 
ing mathematlcii, ye do not consider them e3?;t:ensAvely In the present 
report. ' , 

1. For children from age 7 to age U5 ther«*ls a single kind of 
school, sometimes called th^ "eight-year ^school This may. In fact » 
be a separate school, or may be pArt of a so-^cailed^ "ten^-year s<^k^1»" 
enrolling students from age 7 through age 17 (Sliabanowl tz, 1978, p. 25). . 

3. The first three years of the "elght-ye«r school" (or of thA 
"ten--yfear school"), may be separated, constltiltl«g a primary school 
(Shabanowltz, 1978, p. 25), although just how distinct these primary 
schools are (or, conversely, how cAnpletely integrsl;ed Into the elght- 
or ten-year school) Is a matter on which varloua reports do not agree. , 
The distinction may or may not be Important — vltihln the. U.S., for 
example, there are Isolated cases where all fourrth grades meet In a 
selVarate building, cases where grades 1-3 meet in one building, and 
grades 4-6 meet In a separate building, cases vtiere fifth .grades meet 
In a separate building, and so on. These spec;L&L s1rrsi|genieni:s are 
usually either the result of a^^tempts to make ef fectrlv^ use of existing 
buildings of varying sizes, or are caused by cottstralats In school bus 
schedules, or represent attempts at Improving racial/ l»t*ig^^tio^^* 
JPerhaps they do not alter the broad pattern of lI^SC'^^SchDols , but con*- 
sldetlng them can greatly^ — and perhapa dlspropojrtlonatsly — complicate 
the task of desovihtng U.S. schools. Presumably there are similar 
variations among Soviet schools. . ^ 

4. TliuB the eight- or ten-year school can be thought of » at least 
roughly, as a Soviet equivalent ^f grades 1 through 12 in the United 
.States. What is especially striking to U.S^ observers is the absence 
of "tracking" or "homogenized classes" in the u0ual eight- orVten-year 
schools. The Soviets believe strongly in the goal of giving *all citi- 
zens the same education — at least in this basic sense — and are very 
proud of their success in achieving this. To American eyes this is 
very strange indeed, perhaps even incredible. Within the scope of 
these eight"^ or ten-year schools }:here is apparently np division into 

a '.'college preparatory" track, a "business'* or •'retail" tracks a 
"vocational" or "shop" track, or other tracks. There is just one 
single vfersion of education, the same for everybody • 

\' - ' 

Well, not quite everybody, as we shall presently see. The' Soviets 
have some remarkable arrangements for a small number of gifted students, 
and provide some other forms of variation* But for soat students^ from 
the time they< are 7 until they are 15 or 8o» there is a single baiilc 
educational program, exactly the same for everyone* 

5. Attached to the top end df thV^lgbt^y^r «chDol (thereby trans 
forming it to a "ten-year school"), or perhaps ealaCing^ lA'eparstelyt one 
finds at least four kinds of schools: th0 "aecondary general polytech- 
nics! school" for ^ges 15 to 17, the "secondary specialised schools" for 
ages i5 to 19, the "evening shift" schools and t:he ^^correspondence 



is 



11 



•chools" for ages X5 to 18, axui the •Vocational --technical schools" 
(Shabanowltz, 1978, pp. 24-25). It Is at this pdljat' that the major ^ 
altarnatlves In Soviet education — analogous tb "trticklng" In the U.S. 
— la^ke their appearance* These alternatives corresponc| roughly to 
U.S. alternatives provided by "vocational" tracks, by "cowaerclal" 
trackf, by "college preparatory'' tracks, and by coswwknlty colleges, , 
jo. though we ahai:^ not try tp match fche possible. rout^ of a Soviet 
student through the various schools with corresponding rdurtes of U*S* . 
students alonig the variety of paths that are possible here. Our 
present data are not good enough to justify such an attempt at making 
cqrrespondentes . 

6. Soviet V^choola mee*: six days a week^nionday through Saturday. 
The school year lasts, from 35 weeks to 38 weeM, depending upon grade 
level. - ^ 

7. According to Shabanowlbz (1^78, p. 25) a student who receives 
unsatisfactory griides in chree/or more su^J^cts must repeat that year 
(In U.S. language, the student would be "kept back" or "not promoted"). 

8. Shabanowltz (1978, ^b. 26) also reports that any Soviet cltlren 
who completes (at least) g^^e 10 Is eligible for admission to higher 
education. There are, however, competitive ,«xai?inat Ions for admission 
to higher education programs. 



9; ilHM>aslc eight-year school is reported as off faring the foll^owp 
Ing subjectriJ^wRusaian language, world literature^ iiorld history, social 
sciences, natural |[ii8tory, geography, biology, "t)hysitSt^ astronomy, draw- 
ing, chemistry,^ English, other foreign languages, physical culture, 
labor training — and, of course, mathematics. This is reported^ ob th^ 
univsraal curriculum for all Soviet atiddents from a^e 7 to 15. 

(One has the very strong sense that something here is beinj^ mis- 
translated, or otherwise misunderstood; a persiptent theme in U.S, 
attempts' to describe and undet^tand Soviet educational practice — and 
even 010 re so in the case of ir^esearch and educational theory — is the need 
for clarification and specificity. There is no shortage pf reasons for 
doubting the cpmpleteness and correctness of our present descriptions- 
Getting cleafr and accurate descriptions could be a s'trong first step 
toward more effective communication. Certainly, a school program as 
heavily academic as the one just described, riKlulred for every student, 
would not be considered a realistic possibility in the United States at 
the present time. How, then, can it succeed In the Soviet Union? There 
iM much here that requires further clarification.) ' 

iO* The present situation can, to soflie^ extent, be clarified l>y 
cotisiderlng how Russian and Soviet education has eirolved* The history 
of Russian schooling can be seen as the story of trylskg to edcoaq^lish 
four main goals: . " 

- • . 

li) taking the diverse collection t>f schools of jthe Russian pA»t— 
ranging from the Smolny Institute "for youas ladles of noble 
birth,'* founded In 1764, and the Moscow School of Mathe«Mtlcal 
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b) 



and Navigational Sciencia, founded by Pet«r ch«" Great in. 1701 
(which, at that time, waa one of the leading'mathviii^tical 
schools in the world), to one-year village schools that taughb 
soma reading, some writing^ and the four ope'rations of addi- 
tion,-. eubtract'ton, multiplication, and divlsionr- snd froin such 
begdLnningSvcreatirtg a unified nation-vide system of schools*, 
that would Nprovide" identical educational opportunities to 
every child in the U.3.S..R.; 

within the framework of a deep and publicly declared belief in 
thB equality of all humans, and in the desirability of an. 
ejsalitarian society , aomehow provld:^ng for individual differ- 
ences in people, find for the national econonftic need for a • 
diversified work, force; K 



c) relating education to the practical world of work, including 
the provision of "labor experiences" for all student*; 

d) using systematic study ..^"educational research") as a tool to 
improve the operatipn 6t the educational systikito.^ ^ 

A «rea^ deal of what has happ<lmed can be seen in relation to these 
four themes. In particular^ the*e has been a history of efforts to get 
ail childreV to work in some indudtty or productive labor, countered^by 
an opposing pressure to keep /Students- at work learning trigonometry 
calculus apd English instead of "running of^ tf^ the countryside to Aelp 
bring in the crops. The mo rerwork-vs .-too re-study pendulum has aUteady 
had several swings (cf., e.g., Vogeli, 1968; Vogell, 1971; Shabiiniwltz, 
1978). Prominent Soviet prof essli^nal mathematicians have argued the 
need to modernize the mathematical content taught in Tschools, which ia^ 
perhaps one asp.ecfc of, the general problem of relating schqol to the 
outside-of-school world of work — in this case, to prof e»8;lonal work in 
mathematics, science, and engineering. In moat cases, however, "labor 
education" probably refers more to work in factories and on'^armA than 
it does to sophisticated professions. 

11. "Kindergarten" in theiU.S.S.R. is sometimes taki^n to mean a 
school that is attended Jor as long "to four years, from age three until 
age seven. The actual patterns of attendance been to vary considerably; ( 
for, texample, Taruntaeva (1971) says: ''If the children previously . 
attended nursery school, and directly et>ter«d the second of the four 
kindergarten years from their first year, mathcmatica activities can 
begin., .iipmedl^tely after September.^ The interesting Word here, of 
course, is "If." - . ) 

The mathematical content dealt with in the four years of kinder- 
garten is described as: "numbers and counting,", "i»ilt«," "shape*" 
"orientation and space »" find " "orientation and tiJMt..** Thi« wrk *ay 
Includa the beginnings of a fali^ly wlda rang* of ttathcaatlcal skills 
and understandings. Tarun^iaeva (1971) lists "vision of a whol« object 
as it can be divided into equ|ii partd" and "development, of the visual 
aatination ability of the children*" as well aa "orllmtation in space — 
to be able to determine the position of sorm ob^px not only with 
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jTMp^ct to [the student] hlmaelf, but also vlth respect to sovfi other 
person/* Vocabulary includes: cube, large, staall, short*, very short, 
squsre, triangle, l*ft side, right sl^e, morning, day, evening, night, 
vidiest, narrower, circlll^ rectangle, sphere, fcylinder, in front of me, 
above me, today, (jomorrov, faat^ alov^ and so on* . 

12* As a further attempt to define and clarify Soviet practice, 
cons\ider the third-grade curriculum. The "third grade" In an eight- " 
year \ or ten-year school enrolls nine- and ten~year--olds . [Hotice, as 
thlsUnstance suggests , that "gra^e 3" In Soviet sahools Is spm^thlYig 
of a Watch, in terras of th^ chronological age of the stydents, to "grpd6 
5" (or at least "grade A") in the U.S- With thi^ in mind ^ much of the 
Soviet mathematics curriculum does not seem ixoduly advanced, but some 
isolated items do seem 8urpr;|jpingly advanced (e «g« , proofs by mathe- 
matical induction in grade 9) • ] Pchelko (1971) reports that the ma the- s 
matical content of grade 3 includes: 

skill in reading and writing multi-digit numbers 

the place-value meaning of digits 

"smaller than" and "greater than," as applied to four-, 
five-; or seven six-digit numbers 



"expanded notation" for place-value numerals (decimal 
base only) 

f 

measuring lengthi^ (metric) 
measuring weight (metric) 

.the study of tj^e four arithmetic operations for multi- 
digit nwobers 

the solution of "missing addend" or "missing minuend" ^ 
problems such -as 18 + x - 60, or x - 16 ■•.64, etc*,* 

experience with expressions such as (932 - 256) (68 - 17) 

ability to solve wotd problems sych as: ^ 

"1 ton of potatoes was taken from three sections: 450 
kilograms from the first, and 3 times less from the 
second • How many kilograms of potatoes were taken from 
the thlrcl section?" 

tha order of operations, and ths use of parmithesiis (s*g*» 
finding the value of 72 * 2 - 40 f 2) 



^ere,'once again, we are unexpectedly confronted by rote teaching and 
learning, in a highly verbal form — after some initial eiq|>«ri«nc«^^:i 
children are to memorize the appropriate nilaa,t "To fltt^^ tha uaJtnawn. 
addend, one oust subtract the known addend from the auaiy/* and gp on« 
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For firtrther details oo the So^J^let currji^lum in mathematics^ pleaP» 
satt Chapter IV qf this report, 

13* One of the roost striking ways in which the Soviet mathematics 
curriculum — and Soviet teaching practice — differ from U.S. practice la 
this: for the entire U^S.S.tt. there is a single mathematiae aurviote^ 
lum, specified in extremely minute detail, that is to be implemented 
ex>ery classroom across the nation. The degree of specificity will amaze 
U.S. observers! ^ 

So great is the uniformity that Pchelko (1971, pp. 109, 118-120), 
speaking to every third-grade teacher across the vast Soviet nati6n, 
can write: 

» ». 
''We shall now turn to specific subjects Within the curriculum 
and [wit^hin] the third grade textbook..." 

"In the second lesson, the students are given the rule for 
solving examples in which various operations are 'involved, for 
in'^tance: 

6-5 + 8-7 60 - 32 4 2 

^ 72 * 2 - 40 4^ 2 52 + 10 • 

"In... the new mathematics textbooks, much attention is given 
to the study of the interrelationship of qtaantities that are in 
proportion to one another, [either] direct ... tor) inverse^,. 
Such quantifies price, number, coat, speed, time, and dis- 
tance are distinguished in tl^e textbook, and the interrelation- 
ships between them are traced with tables (see tables on pp. ^3, 
101 and 104 [these references are^ to the textbook used by all 
third-grade teachers, and are NOT references to Pchelko *s dis- 
cussion of the third-grade curriculum]). 

[cf.] The assignment: 

Hake up and solve problems on the basis of the following data: 

J Speed Time ' Distance 

\ ^ ■ ■ ' . 

12 km. per hr. 4 hr. x km. 

X km* per hr. 4 hr*. 48 k». 

12 km. per hr. x hr. 40 ka# 

**. ..After considering this table^ it is useful to suggeet that 
the students solve Problem No. 787 following It with these 
quantities and write it in short' form in the table^ 



''[A similar] table is also given in the text (dealing) with the , 
quantities price, number, and cost (Problem No. 89^) .** 
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ThfCa levi^l of epexrificrity ^ in oddreBBing all third^grade teaahBra 
in th)9 U.S.S.R. ^ fefovring to textfyook problgms by nufnber, and des- 
avibing eicaatly hoio, every Btudant^ should write his or her reeponae^ 
ia almost unthinkable ^to the .U .S . observer^ It Implies a degree of' 
uniformity natlon-^da that thn does not seek on even a city- 

vide basis i It Implies leavli>^ to teacher judgment no^role ^t all • 
In shaping the curriculum, or even Individual assignments. And It . 
Implies no adjustments for Individual dlfferenVes between different , 
students. 

14. In the present section we have attempted td distinguish three 
levels of Soviet education: - 

a) •Tclndergarten" and early childhood eduqation, for children 
younger than seven years of age; 

b) the basic "elementary and secondary'* education , provided 
typically In an "eight-year school" (or .in the first eight 

^ years of a "ten-year school"), for children from age 7 to 
(about) age 17; - 

the late secondary, trade s^chool, vocational school. Junior 
college, or community college ievel (to se^k U*S. parallels), 
which may be. provided either separately, ^or elfifl! as the final 
few years |n a "ten-ryear scho^"* (or some roughly similar 
arrangement), for students (roughly) 15 years old to 19- years 
old. 

■ v ' ■ ■ 

We J[wveN^^J^fiinp.tp€ifl to give some degree of specific definition to the ^ 
cu^ri^culum in the eight- or ten-year schgiJl by looking briefly at the 
mathematics content of the third grade. We conclude this section with 
some general remarks about the mathematics qurrlculum in the ten-year 
school, and some consideration of external factors which relate to 
basic school.>)peratlon, such as teacher education, cultural impera- 
tives, and needs of the Soviet economy. 

The Mathematics Curriculum ' in the Ten^-year School 

' Our inforpatlon about the presents-day mathematics curriculum in 
thu ten-year scliool is^ of course, sketchy. However, it secons almost 
certain that *or younger children the program^ as part of Soviet "new 
mathematics," became cognitively n^re sophisticated » sonewhilt resembling 
some U.S. pirograms (cf., e.g., Dayydov, 1975). A ninth-grade Soviet textbook 
uses mathematical Induction for some rather complicated proofs, suggest- 
ing at 4.east occasionally high levels of expectation and of abstraction 
or formality. ^ 

Fron this and^ other observations, havi» come to misp#ct that 
there may b« an extrt^ fpmalization of mny .•iibjeet»*-i>articularly . 
mathematics and the sciences — in Soviet schools*. In fact^ Soviet / 
educators have di^ussed with i|s the ext^Me diffictiXt^r of the math««» 
matics curriculum that seems to have resultad frop Sovln^t^HBtyle *^imw ^ 



matliamatlcs/* There are many reports of teachers having difficulty 
teaching the new curriculum. In the U.S.5*R*» as In the U.S., It was 
raallz^ that teachers would. n^^^ special training to prepare them to 
teach Ste "new mathematics" curricula. Jn both countries, it seems, 
insufficient teacher training wa? actually provided^ In the U.S.S.R.^ 
there are reports of large numbers of students failing (and J^atlAg*). 
mathematics, apparently to a greater extent than formarly, although \ 
ther^e are. also reports, .that teachers have been working together, hel»^ 
ing one another (and learning which sections in the books to leave olit 
or gloss over), afid that tlje situation* Is Improving. 

the following exceVpt^rom afti observer report 1^ typlca^: / 

... In one school we visited; I saw a teacher who frankly did 
not understand what she was teaching. The lesson was to prove 
some elementary propositions 1^ . transformational geometry ifith 
respect to parallels and perpendiculars • She despribed to me 
before class what s^e was attempting to do. She hjari diffl- * 
culty getting students to respond during lecture-recitation; In 
fact, her frustration level was high. She got only about k 
third of the way through the lesson and then in frustration 
. gave the students the rest of the assignment as additional 
^hofflework. It reminded me of classes I have seen In the United 
States. I might add this was an experienced teacher, witth a 
very good group of students. (Romberg ,( 1979, pp. 9-10) 

Teaaher Education in the U.S.S^R. 

Recall that the ten-year school is not necessarily divided into 
"elementary" and "secondary." Recall also that all matl^ematicb, after 
grade 3, is taught by a madiematlcs specialist who teabhes nothing hut 
mathematioa ! 

^ • . 

In general, teachers in the ten-year pchool have 'themselves 
finished the ten-year school^ at about age 17.. They iiave then received 
three years of teacher education at pedagogical institutes. They have 
almost certainly NOT attended^ a university. As a result, at what would 
correspond to U.S. elementary school levels the Soviet child Is study- 
ing with a teacher who knows substantially more math*rtu(tics than his or 
her U.S. counterpart does, but at the higher grades this may not be 
true. 

r 

The situation Is quite different in the various "special" schools, 
which we shall consider in a subsequent section of this report. Vogell 
(1968, pp. 39-40) reports: , 'a . 

Like the school curriculum it Is desllpaed to serve, the program 
for trsinlrig teachers of [high school) computer progra^aming is\ < 
both intensive and of high mathematical quality. Its duration 
is five years, in contrast to four years, fpr programs without 
dual specialization ["dual specialization" refers to. high 
school programs that provide simultaneous specialization in 
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mathematics and in computer >8cl^nce] • Teachers for secondlary 
schools with specialization in computer programming [and also 
mathematics] receive jjb total 4^386 hours of classroom and 
laboratory instructfdR. In contrast^ graduates of four-year 
American colleges or %ilttveKSitles receive about Z^OOO hours 
of classroom instruction and laboratory work. Of the 4,388- 
hour Soviet total, 2,730 hour^ [or 62 percent of the' total 
college pro-am] are in mathema^tics, and 450 hours are in - 
physics and electronics [so^that physics, mathematics, and 
electronics together represent 72 percent of their entire 
'"college" education! This is 5 times as much instruction in 
mathematics . and physics as comparable U^S* teachers receive, ]• 

For one of us [Robert Davis], meeting with Soviet mathematics 
t£^chers and raathepiiatics educators had very much the feeling of the work 
done by PSSC, ESI, ^jnd other curriculum development groups in the late 
1950' s in the U.S. These were people who were v*ry serious about. the 
study of mathematics. 



Soviet Mathematics 

The average- American may know that Soviet music achieves the highest 
standards of excellence (as in the work of Prokofieff and Shostakovitch) , 
that Soviet ballet is unsurpassed in quality; that Soviet athletes are 
very good indeed, that Soviet chess players are not at all easy to .beat. 
But, since mathematics looms so small on the popular culture scene, the 
typical American may not know the quality of advanced mathematical 
research in the Soviet Union. It, too, la unsurpassed » During World 
War II, to give one example, working independently and under conditions 
of strict military security, Norbert Wiener of the U^S. and Kolmogoroff 
of the U.S.S.R. each developed information theory, one of the maj«3>r 
mathematical contributions to the modern world. 

Soviet excellence in advance^ mathematical research is so pronounced 
that U.S. mathematics students ar^ regularly advised to study Russian, in 
order to read Russian scientific papers. T^a the Important matfusmatical 
field of functional analysis ^ the Soviet mathematician Gelfand nas been 
one of the world leaders. In mathematical logic, ?• S* Novlkov has 
contributed to the proof of the unaolvabillty of the so-~called "word 
problem" for groups (a highly technical, very important, and quite pro- 
found piece^of research in advanced mathematics) « In model theory, and 
the relations between logic and algebra^ A* Malcev (who recently died) 
was eWorld famous. Within the present decade^ the Soviet mathematician 

Matiaiievltch solved Hubert's problem on the ui^ecidability of the 
existence of solutions to' Dlofp^antliiQ equations « 

In *\^x%^ at the level of the frontiers of advanced m&th«mtlcal 
research, tba work of Soviet mathsttaticians la ofv {:ha>vary highest 
daliber, and of the very greatest iisportaoca* 
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Soviet Teaahing Style ' s 

Given what we knew of the excellence of Soviet mathematical 
^escailch, of the difficult Soviet cotapetitive exams and their emphasis 
on non-routine (ipdeed very creative) problem solving, and on such - 
Soviet literature as we had read, we w^^re entirely unprepared fot th^e 
teaching that we observed in Soviet classrooms* It consisted entirely, 
as nearly as we could judge, o^-^rote Instruction! Stxidents are told 
that this is. the hyperbolic sine (slnh x) , they are told that its graph 
looks like this, and so on. 

Finding this hard to believe, we inquired about it; Soviet teachers 
were surprised at our inqu^^j^s. Their attitude wasi isn't this the 
way that everybody teaches mWhematics? Isn't it the ONLY way to teach 
mathematics? Mathematical facts are fActs, and if you want someone to 
know a fact, you tell him! ^ 

It appears, however, that the common practice of Soviet acliool 
teachets (and teacher belief systems in the U.S.S^R.) may be at 
variance with the conceptions of Soviet psychologists and educational 
researchers. [This may not be surprising; a similar gap exists in the 
U.S.] Consider, for example, the 1962 report in Doklady APN RSFSR, by 
Julius G. Goldberg, that lists 14 recommendations for effective teach- 
ing, including: 

1. Teaching mathematics by demonstrating the problem solutions 
does not appear to be sufficiently effective^ Asking students 
to copy ready-made solutions should not be the main method 
used for teaching problem Solving. 

2. Higher standards for" mathematics teaching can be attained if 
the instructor discards the traditional routine, i.e,, the 
teacher writing the solution on the board, "with the students 
copying it down. In the teaching process, one should 
systematically Increase the element of Independence on the 
part of the students in accordance with the difficulty of 
the material and its novelty. 

3. When tn^ class is exposed ,to a completely new problem, the 
teacher should abstain from>solving it himself or having one 
of the better students solve it ^it the board, so that the 
remainder of the students can coby the solution. It is more 



desirable to use a collective me 



make his contribution to the soliutlon, and to eliminate student 



passivity. Students take their 



thod whereby each student can 



turns In suggesting steps for 



the solution; this is done either by answering the instructor's 
leading questions, or, without such quMtions^ offering their 
own suggestions. Each suggestion Is discussed by thi^ citmu^ 
the best being chosen froai amapg the altsnmtlves. The prob- 
lem is» therefore, being solved by the ent:ire clas3» Md 
questions are put to all the students. Each subsequent step 
of the solution is written out on the bo^rd only after It has 
been elucidated to the entire class. We shall call this 
method frontal. 
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Frontal work should be accompanied by board --work only in the 
caee vhc^re the problem is very difficult, or If the atudenta 
are not y€rt: familiar with the foiym'^f its written presenta- 
tion* If a problem is difficult, «ven after a given step has 
been dlacusaed and clarified « the teacKer cannot b^ sure that 
the students will caVry out the solution correctly* At thiB 
point, in order to verify t"he correctness of separate steps 
in the solfctlon, one may resort to writing, the material on 
the board. Chre should ))e taken as^to the proper timing in 
this sequence. The presentation -osn the board must appear at 
a point in time somewhat later than when the material is 
written by the students, themselves in their notebooks. As 
the students master the solutions to given, types of problems, 
we can dispense with the board presentation of separate^ easier 
steps, gradually shifting to frontal work without board pre- 
sentations. At the teacher's request, the students put forward 
their suggestions: these are discussed and perfected; and 
finally, the students write them down. 



The teacher's ultimate goal is to teach his students to be 
able to solve problems on their own. Therefore, all -types of 
frontal and semlfrOntal work should alternate with partially 
and totally unassisted work. The usual order, while intro- 
ducing a new problem type, would normally be: begin with 
frontal work, pass on to semifrontal, then through partially 
unassisted to completely unassisted. 



When a new chapter is started, students should be given a set 
of exercises apart from the daily homework, covering all the 
material from the forthcoming chapter. The acwdents do these 
problems as they progress through the chapter and turn them 
in at the end of the time allotted for the chapter* As a rule, 
this set should contain more challenging problems, and the 
students should have more time at their disposal to fully think 
over the problem. They are of ten deprived of such an oppor- 
tunity when doing daily assignments. Moreover^ daily work is 
normally assigned from the text, where the title of the section 
prompts the way to the solution. But, as soon as there la a way 
to solve the problem, there is no longer a problem* Review 
locercises may contain textbook probletBS, but without reference 
to their section. Likewise, when solving problems in claas, 
the number of the problem and number of the section can be 
Mentioned only after the problem has been solved « The students 
ere well aware of^ the difficulties that this practice entails^ 
but they are also aware of the benefits* In the case o% teacSi*- 
Ing calculus, for instance, it is especially Cms of problems 
involving techniques of integration, convergeince and divergence ' 



of infinite series, multiple Integrals, differential equations 
as well as applied problems. 



11. As far aa dally homework a^sigpments are concerned, it is 
useful to discuss the more difficult problems in advance* 
This should be done;^ when the t%aCher realizes thl|t the 
students are unable to cope with the problem on their own 
during the limited period of time before the nexiE^ class « , 
Needless to say, one is not compelled to assign such probliems 
at ail. However, it is beneficial to expose students to more 
challenging problems g^-adually, dlscudsing certain point* 
with them, and at the same time giving them an opportunity 
to tty and carry out the solution on their own« Special 
emphasis should be placed on the discussion of tho^ problems 
which develop an t^ars tending of the material in general. 
A preliminary discussion is indiapenslble for problems and 
questions wl^ch give the fundamental concepts of the bourse, 
\ for example, in calculus : function, limit; derivative, 

differential, integral, continuity, c6nvergence, the mean-r 
value theorems, basic facts about vector space and thrf reaJjrrL^ 
number system. [Goldberg,. 1962; 1978, pp- 385-3881 -^"^ 



Educational Televieixm in the U^S.S.R. 

American visitors in their hotel rooms, Peeking enter taijLxmient, may 
find ^that ilie television set will bring them mainly the same' rote lec- 
ture on the hyperbolic sine that they could observe in living color In 
various school classrooms, W^^do not have statistics on how mucJi Soviet 
TV broadcasting is devoted tp such lectures; by our very small sample 
,technlque» we consider that it might be quite a sizeable proportion. 

Student Response 

Given the warm and caring school, the formal^ academic curriculum, 
the rote instruction, the cooperation of the collective, and the pressure 
to take one* I* work seriously, how do Soviet youngsters respond? One 
observer reports: . 

In spite of many reservations I have about the lack of 
variability of instruction and the lack of att<?nt;j.on to Indi- 
vidual differences, it was apparent that the students were 
engaged during instruction^ I did a random tine saaipling in 
one 50<-iflin\ite matheouitlcs class. I eeciaated that for 37 of 
the 50 minutes of ins true tion» students wer* sctlvely engaged 
In learning. This' is consiaerably higher than any math classes 
I have observed in [the U.S.]... In particular, i^re was much . 
less wait- time and transi ticm- time tliijin 1^ have toaoA In Amerl- 

\,, ' " - ..-^ 
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can claases. This Is partly tlue to the pedagogical strMcture:, 
I.e., Imalnly] lecture-recitation. . .Also; there 4- a very l^,t*le 
seat work or vork with manipulative?. (Romberg, 1979, p* 8) . 
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> EqitCpnent in Soviet SaftooU' - - \ 

there are essentially no computers In Soviet schpol^s, nor haiidr. 
held calculators. But the schools we visited were remarkably well , . { 
equipped with other materials. In a social studies class on* would find 
videotape recorders being used to present material via TV md'illtortf.Jf 7^ 
special 16 mm projector, d&aigned by dduoatore, is .said to be in 
school ' in the U . S . S . R . We did NOT , however , obserye any Sovie t eq^l"'^- 
• lents for Guisenaipe rods, geoboards, or Dieiies MAB blocks, which pi 
an important role in many tl.S. schools. 

Voapitaniyeh »OClTvrr»MM«] " ^ 

/ There seems to be no English equivalent of this word. It means 
••moral education," "the inculcation of good work habits," "teaching 
good citizenship," "the development of a sense of responsibility." 
This is VERY prominent in educational thought in the U.S.S.R. U.S. 
i» public schools have, today ,^ no ^equivalent, although in the McGuffy ; 
readers they perhaps once did have. Various U.S. private and religious. 

schools do provide equivalents, however. j 

■' ' . t 

t 

"How To Be A Varent. " * * ' - ' 

' ^ ■ ' 

Soviet educational philosophy^ advocates -leaving NOTHING to chance. 
This Includes the question of how parents should behave. There are 
many books oh "how to be a parent," and these rfre widely read and «uch 
discussed. There is a single official Soviet t^ljeory on bringing up 
children— ^very, very different from th^syrlad conpetlng theories in 
the. U.S. In the U.S.'S.R., deviant the<*ie8 are denounced ♦ forcefully. 

*' " * - - 

Adult Attention to- Children v ^ " 

Soviet and V.S. practice diverge dramkycally on t|le matter of super- 
vision of children. By building large schools, staffed >vfew adults, 
the U.S^ in effectf creates teenage ghettoes. The abundanrtvofrock 
Bhisic and other aspects of teenage culture has cre«t«d • teenage world 
where' adults are uncomprehending jstr angers. (Ask a tceneger to explain 
the background music in the woylA 'Coming Home, and compare what t^iey . 
a«y with your own spontaneous perceptions!) 

th« Russians think children should be brought up by aihilt»* super- 
vised by'sdults, watc|;ed over carefully AND CLOSELt by adults. U.S* 
families in Moscow ; a JLalways finding thenselYes i^ecused of nisglectlng 
thsir children. As oSP *x««ple» Soviet grandiiiothsnt Vait outside schools 
to walk home with their^ grandchildren. The U.S. systM of hsviag a group- 
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of children walk together under a peer leader eeewi to the Soviet* 
to b« a shameful neglect of adult euperviaory reaponaibilltiea. And' 
l«ttlng children walk home from achool by themselves (!) — as is done 
in Urbana, Illinois, in what is probably the typical U,S. pattern- 
would be entirely unthinkable. Scandalous child-negl*ct f 

Caste Syateme orW Actoeea to Schools 

^ ■ - 

Hedrick Sml^th repQtts that the separation in the U.S.S.R. between 
Intellectuals and bluc^collar workers is absolute and is hereditary. 
Children of blue-collJr workers do NOT play with tb« children of white- 
collar workers. And they know, absolutely, what they'll be when they 
grow up* 

Froa an observer report is this connfent: ^ 

In spite of the rhetoric about a classless society, there is 
very strong evidence of cultural and social class differences. 
The Estonians made a point of describing the unique Esto^ilan 
aspects of their program. Their educational system Is not 
identical to that in Moscow. The Soviets also ^admitted there 
were problems in rural areas in contrast to city education. 
And*" finally, in the English-speaking school we visited in 
Leningrad, Ve were told that children of all segownts of 
society had the opportunity to attend such a school. . .However, 
we met and talked only wit|i children whose parents were In 
professional positions. (itomberg, 1979, p. 10) 



Control of the Culture ^ 

Soviet theory and pra^ctice valAe, and aim for, a high def^ee of 
control of the culture. This is generally well--known in relation to 
plays, movies^ pperas^ etc., which present approved vlewtr of approved 
topics handled in an approved way. Simi}.ar is the case of poetry 
(which is very important in Russ:^) . Painting is also similar. The 
Soviets heavily subsidize Prokofiieff , btozart, and Beethoven, ^as well 
as Russian folk music, but rock is anathema. So are some western dress 
styles. Television presents what is good for Soviet culture and Soviet 
society,^ and NOTHING else. 

The extent of this was brought hot4e ^o us when ve met with members 
of a comndttee that approves toys. When a toy Is proposed, this connilt- 
tee studies it carefully.. Until and unless the cemittee concludes 
that the toy will teach children desirable behaviors' or values, or 
expectations, and will NOT teach undesirable ones» it will not approve 
the toy* .Arid without approvoL of this aomrittme, that toy aannot 
he mcxmfaattdred. 



Is Everyone the Same? 

A great deal of Soviet thought is based on the premise that every- 
one is really the same. Yet, to this thesis ther« is an antithesis: 
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SQVl«t^ work on defectology, for exanpla. Is regarded as excellent — 
tht» corresponds roughly to **8peclal education" In the U.S. In the 
following auction of this report w^ nhall consider special Soviet 
schools for the mathematically .gifted » with their/highly selective 
entrance examinations. In the Soviet Union %re had the opportunity 
to meet with pajrchologista whose task it Is to find which people 
should become truck drivers, which people should becooHB teachers ^ ' 
which [People should becoiQe astronauts^' and so on* These psychologist 
were clearly humane people who thought that proper placement could 
greatly add to the sum total of human happiness. 

Soviet thought tries to separate "ability" to do mathematics 
from the "inclination" to do mathematics, aa thlii wccerpt from 
Krutetskil (1976, p. 7A) indicates^: 

)The entire "ensemble," a synthesis of personality traits, 
since It is a considerably broader concept than ability^ we 
prefer to call suitably or readiness for an activity. Anan^ev, 
for instance, uses the idea of Vreadlneas for highly productive 
activity in a definite province of work, of sdcletal life" (20, 
pp. 16-17; 21, p. 15). Rubinstein uses the idea of "suit- 
ability" (354, p. 53^; 355, p. 126), although he connects it 
with the concept of ability prot>er, rather than with the con- 
cept of the "ensemble." A. V. Yarmolenko (474, p. 78) cit^s 
an interesting instance of the divergence of Interests (Inclin- 
ations) and abilities. Student M, in the opinion of all of his 
teachers, possessed very strong abilities in ttkthematics but 
openly hated it. Since Student M did not copiblne abilities, 
properly speaking, with inclination, YarmDlenko concluded 
that Student M had "no real ability, but only an External 
image of it,, which led to a false diagnosis." We would have ^ 
put It differently: Student M had ability, but there was \ 
^ really no readiness or suitability. It was not a case of ' 
"false diagnosis." It woul(i have been, however. If one had 
said that Student M was suited for mathematical activity. Our 
^'diagnosi^ is that he was capable but not suited, due to « the 
total absence of inclination. 

Ihe^ above interpretation of the structure of suitability 
(readiness) for activity is represented slhiepatlcally below: 

Rradfams (suitability) for an activity 

j_ 

Ablli^ Gencftl psychologicJ conditions needed Ibr 

successful performance of the tctivity 



I T-p y-] 1 

FkM&ive attitude Character Minttit Knowledtge, 

toward the activity traits ataia skiUs, 

Cilitmcs, incli- Miil» 
ntfoos) . 



\ 
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Ihua, Suitability for an activity (the ability to perform It 
succassfully/ or ability in the broad sense) cannot be influ- 
enced only by the presence of ability in the proper aense. 
It can be influenced only by a whole complex of essential 
persdnallty traits^ invdlving the Intellectual, the emotional/ 
and the volitional. 

Thus ve can define the concept that is fundamental to our 
study. By ability to learn mathematics we mean individual 
psyohologioat oharaoteristioa (primarily aharaotmrietioe of 
. mQntal aativity) that answer the requirements of sahool mathe-- 
matioal activity and that influence, alt other conditions 
heing equal, suocea^ in the creative m<wteiy of mat^entatias 
as a school subject — in particular, a relatively rapid, easy, 
and thorough mastery of knowledge, skills, and habits in 
mathematics. The specific content of the concept of mathe- 
matical ability will be disclosed later, when we analyze its 
structure. \ 

D. N: Bogoyavlenskii and A. Menchinskaya^ in discussing / 
individual differences in children's educabillty^ introduce the^' 
idea of psychological properties Chat determine success in 
studies t all fith^r conditions being equal (44, p. 182). They 
do not use the term "^abililiy," but their idea is essentially 
close to the definition given above. Aii\d if one speaks of 
educability, then ability to learn mathematics is» in our 
* interpretation » apparently none other thaiytthe property of • 
creative educability in mathematics;. 

Krutetskil has much more to report on individual dif fwi^nces in ' 
abilities^ skills, and inclination, but that leads us intj/Soviej: 
theoretical thought, rather than classroom practice. For the present 
we merely note that the tension between an axiomatic equality of indi- 
viduals and a pragmatic selectivity shape actual educational practice 
at every level, arid make for special complications in the rhetoric 
that is employed. 

'I 

Needs of the Soviet Economy 

Analyses seem to indicate that the Soviet economy suffers from a 
shortage of skilled workers at nearly every level. European firms, 
such fis Flat, have difficulty finding workers with adequate measure- 
ment skills and skill in shop mathematics. We have heard laswnts over 
the Soviet shortage of computer experts. This seems to represent a 
marked difference from the situation in the United States — and it is 
surprising^ given the goals of Soviet education and the eaq|>hasis which 
sesM to be placed on'cosqmter science^ | 
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C. ,Sv0oial Sahoola 

\ 

In discussing the basic "common" school, riughly akin to U.S. 
elemitnbary and secondary public schools (the Russian "eight-year 
school" or "ten-year school"), the Soviet egalitarian theme comes 
through very forcefully, at least working from the sources presently 
available to us. 

But, In any nation with the ballet, music, athletic, chess, sclei^- 
tlflc, and mathematical performance of the U.S.S.R., there MUST be an 
opposing theme, ^ "quality" or "excellence" theme — and. Indeed, there 
Is. In this section, building primarily on the experience and studies 
of Bruce Vqgeli, we report on the "special" schools for mathematically 
talented students, and the special high schools that educate future 
computer scientists. In lookirig at these schools^ we see a concern 
for quality or excellence that, in its direction, goes as far beyond 
typical U.Sw practice as the Soviet egalitarian approach does in the 
opposite direction. We are dealing here, unmistakably, with a talented 
elite, who are to be recognized as such, , treated as such, and educated 
as such — at public expense. Nearly all U.S. parallels (of ^hlch there 
are, in any case, very few) are private^ and stand outside of our 
publicly -supported systems. 

Imagine identifying students gifted in a specific discipline, 
selecting them out, and having them leave home, to attend a special 
reaidenHal high school for students who share this sp^cifia gift! 
That Is what we find wheq we look at the "special" Soviet schools. 

The preceding Section B might be described as a long--dlstance 
macroscopic view of the Soviet school, through a wide-angle lens. We 
see a single type of school, perhaps not even divided into our familiar 
sub-categories of "elementary" and "secondary." 

.< 

When one looks in more detail, to be sute,^one sees sobmr very 
important variants — variants more extremA than one finds among public 
schools in the U.S» There are, for example, special reBidential echoots 
for mathematically gifted students. This a more extreme "special 
treatment" than any in the U.S. There areSBlovever, four sych schools . 
In all of the Soviet Union (or were at th*tlme of the Vogeli study 
(1968)]. / 

Our big, broad picture cannot see such small details. (We do not 
mean to minimize the importance of these schools^ nor of other Soviet 
variations. What we mean to emphasize is an almost total homogenlty» 
^^n identity, of Soviet schools, with »no variation — except for a very 
kmall number of. special cases.) 

Setting aside the Infant schools and the Pieoeer Pmlacee,. what 
k^^fHA^, of Soviet schools are of Importance for mathematics education? 
kr seems to be as follows: ' ^ , 

Th« '*t«n-yWar schobly'V npr«8*atto th* schooling for alaost 
•v«ry Soviet child, attended from ag* 7 throtigh as« 16» 
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p«ThapB with no division Into "elementary" and "8econdig:yv^^ 
which w« conaid«r«d In Section B. 

b) Boarding achoola offering a •peclaiizatlon in mathamatlca. 
Thar« are four of these in the Soviet Union; each la spon- 
sored either by a university or by the Academy of Science. 
Their affiliation is, in U.S. terns ^ more with the College 
of Arts and Sciences than with a College of Education. 
A. N. Kolmogoroff (one of the greatest mathoaiatlclans of 
the^ twentieth century) teaches at oitc of them three days a 
Week (or did,' aa reported to the Moscow Mathematical Society 
in March, 1964; cf. Vogeli, 1968). 



The seriousness of intent Involved in operating hoard- 
ing schools is notable, a typical Instance of Soviet deter- 
mination. Kolmogoroff 'a Moscow school includes grades 9, 
10, and 11 In the Soviet system (ages 15 through 18.) 
Instruction in mathematics and physics occupies on the 
average^ 17 hours per weeH, or 51 percent of the- total 
number of 33 hours per week. The overall curriculum, in 
terms of time allocation, looks like this: 



Russian Language and Literature 

History and Social Studies 

Geography 

Biology 

Chemistry 

Foreign Language 

Physical Education 

Mathematics and Physics 



9X 
lOZ 
AX 
2Z 
6Z 
9Z 
9Z 
51Z 
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The curriculum in mathematics and physics ia divided u^ 
follows : 



Algebra and "Analysis 
Geome try 
Linear Algebra 
Discrete Mathematics 
Pjrobability Theory 
Problem Seminar 
' Physics - 



Vogeli (1968, p 




/ 



23Z 
17Z 
5Z 
7Z 
3Z 
9Z 
37Z 



reported : 



Because ^e Moscow school is a boarding school, 
Kolmogorov is able to stimulate individual pupil research 
and evening discussldns relating to mathematics to a far 
grttatar extent JM^AA possible In day schools 




...Boartllng-schiiiJfi^Bpila study functions of a c^l«x varia- 
hlm in analysis and the «leii«nt» of a group thaory in al,g«bra 
in some datail ... 
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c) Secondary d«y schools with **ttpeciall2ation in computer program- 
mlng. A» of 1968, Vogeli reported that there were about lOO : 
s'jpecial secondary day schools in^the Soviet Union that offered ' > 
a specialization in computer programming • 

d) English-speakhtg-schoolfl^ Another special kind of i^chool^ of 
interest to Americans, is the English-speaking school. We do 
not know how many of these there are, hut it is clear (hecause 
we have visited some of them personally) tha-t they do succeed 
in producing students with a good command of English. Begin- 
ning in the first grade (chronological age 7 yearp) the 
students study English, and by age 15 or 16 th«\ students, are 
taught in Englidh in raost of their courses ^ 

/ 

e) * Part-^time schools for ma theirtH tic ally^ talented students. These 
sch(^ol8 meet outside of regular s,chool hours* in some cases 
meetdn^ evenings Admission is less restricted than admis- 
sion to the boarding schools. In ohe such school In Ivanovo, 
classes meet twice a week, for two- or three-hour sessions 
(Vogeli, 1968, p. 55). » 

f) The mathematics correspondence school. Established in 1964 
at Moscow State University, the "Republic Mathematics 
Correspondence School" was intended to serve mathematically 
talented youth throughout the entire Russian Republic (not 
the entire Soviet Union!). The intent was to relach students 
who could not be "acccfmmodated in day, boarding, or part-time 
schools. Vogeli (1968, p» 63) reported: 

« 

Correspondence pupils from the same school or community are 
permitted to complete lessons collectively. In the opinion 
of school officials, "nothing but good can come from collec- 
tive work — In the first place, .groups (pf pupils who wotk * 
collectively] can be formed by degrees into a first-class 
school circle [a math club, especially one that specializes 
in coaching for the highly demanding Soviet "mathematics 
Olympiads"]; and, in the seoftnd place, at the present time 
in science basic strength rests, not with the individual, 
but with the group." 

Vogeli also reproduced the entrance exaoyLnatlon for the Correspon- 
dence School for 1964. Because it gives an indication of the flavor of 
Soviet vork, we reproduce it here: 

1. TWo people play the follctwing gaM: the first name* a one- 
digit number (that is, a number from 1 through 9); t^Sn second adds to 
it another one-digit number and states the si|m. To this sua the first 
player adds still another one-^lgit number and states the susi^ and so 
on« The winner is the one to nsM 66 first* How should one play^ this 
game In order to win? Who is the winner in a fair game of this sort, 
. the beginning player or his opponent? 
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2, Factor: 

a) + 1 (into 3 factors) 

b) ^ ^ « 1 (into 2 factors) 

vertex B of the triangle ABC draw the median and the 

that they dlvld^ X, ABC Into three equal parts. Deter 
of the angles ^f A ABC. 

4. yLut children— a, B, C, and D-— participate in a race. After 
th»-Ta€«<each asks the other In what position he finished, A answers, 

wasn't first and I wasn't last." B answers. "I wasn't last." C 
aS«wers» "1 was first." D answers, "I ^» li^t." Three of the 
children have answered honestly, but one has not. Which one has 
answered lncorrecy.y? Who was first? 

5. How many six-digit numbers are therb, all digits of which are 

odd? 

6. Prove that in an arbitrary triangle 

a) the sum of the lengths of the medians is less than the 
perimeter^ and 

b) the sum of the lengths of the medians is more than 

3/4 of the perimeter. 

7. . On a table lie some books that must be wrapped. If they are 
wrapped four, five, or six to a package, then. one extra book remains; 
but if they are wrapped seven to a package, then there are no extras. 
How m^y books could there be on the table? 

8. Construct a triangle given two of its sides, a and h, if it 
is known that the angle opposite one of them is three times greater 
than the angle opposite the other. 

9. a) Find all numbers satisfying the equation 

X y ' xy, , 

b) liThat kind of positive whole numbers could satisfy the 
equation 

X -h y M ." xyuT \ 

10. A four-digit number is multiplied by the four-dlgjit nuab«r 
obtained by writing its digits In opposlt* order. The eigiMr-^iglt 
number obtained has zeros as its last thr«e digits. Find all such 
four-digit numbers « 



3. Fr^ the 
altitude. Assume 
mine the measures 
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W. a) Construct th« circle tangent to both a given circle at^ 
a given point and a given line. 

b) Construct the circle tangent to both a given circle and 
a given line at a given point on the line. 

12. a) How many roots does the follo%rlng equation have? 

. V ^ , , - 3ar 4- 1 - 0 

b) Sl^tch the graph of 

J/ a:2 J + 1 ^ 

Many observers have commented on the contrast between Soviet and U.S 
deiBOgraphlcs, In music, athletics, science, mathematics, and other fields 
At the highest levels of excellence, on a Worldwide basis of comparison, 
one finds Sergei Prokofleff one of the very greatest composers of the 
twentieth century (and probably of all time); David Olstrakh, one of the 
greatest violinists of all time; Rostropovltch, x)ne of the greatest 
cellists of all time; and so on. The Moscow Symphony Is one of the 
world •s greatest. Soviet ballet is unexcelled, possibly unequaled. Xt 
is the same in many fields of endeavor, including Cemphatlcally !) "taathe- 
matlcs . » 

But one is talking about a small quality elite. The U.S. has not 
merely the N.V. Philharmonic, but also J^he Boston Symphony, the 
Philadelphia Symphony, the Pittsburgh Symphony, the Chicago Symphony, 
the Cleveland Symphony, the Los Angeles Philharmonic, the St. Louis 
Symphony, and so on, for a VERY long list. 

In athletic terms, the Soviet first team is fully a match for any- . 
one, but they tend to lack depth on the bench and in the bull-^pen. 

There is little to be gained, and much to be loait, by comparing 
national systems in an "our-system-can-beat-your-sirstem" fran^^ of mind. 
The Important gains are to be had only if each nation tries to taam 
from the other. This is not unreasonable — no country has an educational 
system that satisfies all the national lAeds, and all the personal needs 
of individual citizens. In that sense, every nation should be seeking 
Improvement. One road toward that Improvement may be the careful study 
of what other nations do, in the hope of learning from them. 

In that spirit, the U.S. can leatn some vmluable lessons from 
studying the '^special'* schools in the Soviet tlnion^ 
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Chapter III 



Difficulties in Language 
Robert B. Devia 



Precise communication between Soviet and U.S. researchers is sever- 
ely impeded by differences in language that reflect deep underlying 
differences in concepts, assumptloii»» and expectations. 

Every Soviet school has its ovn full-time physician^ But is this 
"physician" really similar to a "physician" in the U.S. sense of the 
word, or more nearly a "nutse practitioner," or is she (most are female) 
nelth^pV How could we describe her in U.S. terms? 

We have already considered the Russian %n>rd voapitaniryeh. It has 
no English equivalent as a word, because it has no U.S. equivalent as a 
praotioe or as an idea. Within some special religious groups it may 
have a parallel. It combines moral education, the inculcation of good 
work habits, training to live within the^ collective, developing a sense 
of responsibility, shaping good citizenship, forming values, aspirations, 
and self -concepts , and holding up desirable examples for emulation,^ It 
includes parent education, and is a major cdmponeat in the professional 
training of early childhood specialists ("upbrlngprs") . 

We h»l a demonstration of translation complexities when we met two 
psychologists who, according to the translator, were specialists in 
"genetic psychology." What did that mean? Plage t has called his work ' 
"genetic eplstemology" — was that what was meant? But in recent years 
the Soviets have been generally negative toward Plage t.^ Could they 
possibly mean Piagetlan wrk? Only by very great insistence — al^nost 
to the point of being obstructlonistic-^as It possible to discover what 
they meant by "genetic psychology"; they studied the" differences In 
abilities and inclinations of identical twins! 



The Soviet attitude toward Plaget is some^at similar to their attitude 
toward Tolstoi, which Menchinskaya (1969) expresses as follows: 

/ . 

It was once contended that the teachei^ should not Interfere with the 
child*s process of conceptualization. L.' N. Tolstoi ^optessed this very 
clearly. He interpreted the formation of new (incepts as a "complicated, 
■QTSteKiLous and delicate process of the spirit,** with respect to which 
"any interference is a rude and awkward force delaying the developmental 
process". . .On the question of concept d«vel6pawat* Tolstoi csseBtlsllj 
held to the false theory of fre« upbrlnsing* He Insisted, tbut "th« 
scbool provides no new concepts'* and that "only first-hand, ^twX rela- 
tions with objects can teach and provide new concepts He also 
stated that, "Freedom is the most advantageous condition for acquiring 
the greatest number of concepts..." In Tolstoi *s view, the school can 
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W« have also considered the, case of the '•collective," a dominant 
Influence In the life of every Soviet cltlxen, for which there is no 
equivalent in the experience of moat Americana. 

- Sona Idea of the complexity of the translation problem can be 
aiBen In this example from Krutetskll (1976, pp^ 76-77): 

Of all the most widely used foreign , scletitlflc terms 
corresponding to the Russian eposobnoet^ (ability)^ the German 
FShigkeit comes closest to our interpretation* Unfortunately, 
we can accept none of the three English terms that denote the 
Idea of eposobnost^ as adequate to our concept of ability 
without essential reservations. In English and American psycho- 
logical and educational literature, the terms ability^, acxpacrityj^ 
and aptitude are used, each of which has Its nuances. Ability 
\b something midway between our concepts of apoaobnoet^ and 
wnenie (skill) (It means skill In performing an operation, 
including the solution of mental problems), although there are 
special terms — attairment aaquirementa ^ kncwledge — to desig- 
nate analogues of the Russian terms priobreteniBj^ nrtamSj, 
nmenie.* Teplov was even inclined to believe that ability does 
not mean ability (spoaobnoat^) at all but designates an aggre-- 
gate of habits and skills (408, p. 11). The Aspect of the 
organism's innate possibilities is too heavily stressed In the 
term aapaoity . The third term, aptitude^ is less widely used 
and seems to convey the meaning of ability^ but it connotes 
inclination for an activity, Spoaobnoat^ is usually translated 
into English as ability. 

Mathematical ability (as, in general^ all abilities for 
complex' types of clfctlvity) is a mental formation that is com- 
plex in structure. It is a unique synthesis of pi?6pertles, an 
integral quality of the mind, including diverse mental aspects 
and developed during the process of mathematical activity. This 
aggregate is a unique, distinct whole: pnly *for purposes bf 
analysis do we single out individual components, by no means 



only systematize concepts that are unconsciously acquired in the process 
of living. It is perfectly clear thafr'^such a view fundamentally, contra- 
dicts the basis of Soviet schools. In our schools the children 
consciously master the "foundations oi^ the sclenceii," and the teacher 
directs this process. 

It was not arbitrarily^ then, that Soviet psychologists substituted 
the term maatering for the terms (»n<Mp^twaitsatio>Kand dBvelopment as 
they applied to teaching children scientific concep^e^ A. A* Smirnov 
usee vthe term moo taring in his article, '^Questions on the Psychology of 
Concept Mastery In Schoolchildren. . That artieie le» iit fact^ die 
first psychological work to cheracterlse,the process of concept sM!x(Uiei^ 
tion in schoolchildren and the changes Which the children undergo as the 
result of instruction. Such a formulation of the question raises a 
whole series of research problems, (pp. 76-77) 
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rikgardlng them as Isolated properties. Thf«« cbwponents are 
closely conno<;ted, influence each 6ther, and form in their 
aggregate a single system, whose manifestation we conventionally 
call the mathematiaal giftedneae ayncbcme (a number of inter- 
related elements that characterize th* psychological phenomepon). 

Hie term "gif tedness" was current in Soviet psychology in 
the forties and fifties. Teplov (A09, 411, A12, 413) convinc- 
ingly showed that to implement any more-or-leee compleaj activity 
one needs not one ability but a whole series of them. The 
unique combination of abilities on which the possibility of 
performing an activity successfully depends Teplov called 
gif tedness in the activity. As he himself indicated, the only 
reason for designating an aggregate of inclinations by the 
term "gif tedness" is the U-teral meaning of the Russian word 
"gif tedness" {odca*enno8t* — darovitoet' [giitedness] — darovanie 
[gift, talentj— dm» [gift]— that is, what is given from birth). 
After Teplov, *other authors of textbooks and manuals adopted 
a new terminology. P. A. Rudik interpreted "gif tedhess" as 
"innate characteristics which are preconditione for the 
development of abilities" (359, p.V397); P. I. Ivanov used 
"glftedness" to mean "Inborn traits which, as they develop, 
manifest themselves in abilities" (139, p. 423); N. D. Levltov 
defined it as "an innate fund of abilities that are anatomical 
or psysiological inclinations" (249, p. 82). 

We feel that at the contemporary level of development of 
psychology, this last definition of "glftedness" tends to be , 
meaningless. We still do not know which specific anatomical 
or physiological features are inclinations for n«thematical 
ability, atid the term "glftedness" (in |he sense of an aggre- 
gate of inclinations) remains empty. Perhaps this is why some 
leading Leningrad psychologists react negatively to the concept 
of an inclination in its anatomical or physiological sense, 
asserting that it is "only a lo'gical conjecture ... a verbal 
screen for unknown causes" (XovaleV and Myasishchev, ^74, p. 
63). Therefore we have founq^ it sensible to return ^tb' the 
.former meaning of the term "glftedness." Mathematical- glfted- 
ness is the name we shall give to a unique aggreg'atih mathe- 
matical abilities that opens up the possibility of su^&tessful 
performance in mathematical activity (or, with schdqilchlldren 
in mind, the possibUity of a creative artery of tha sub ject) . 

As a further example, we have ncntloned our surpriaa at the rote 
presentation style in Soviet mathematics classes which we observed. An 
Aaarlcan can easily f,<i1tm wrong iitaages when hearing the word "teaching" 
as applied to mathematits classes inf the U.S.S.R. Fwww*ly Russians 
hava a slallar problem whan W€ spe^ of " teaching math«Mitica." They 
might be quite surprised to sea what we actually do*. 



AKruttetskii gives his translations into English of th* Kktaalan words 
here. A closer approximation of the usual randar&kit into Btiglish 

/would be aoquii^enmnt, kncwlitdge, skill or aoqui^mmnt, achi^vamnt, 
ekCtl for, respectively, the Russian j^obretfniM^^ Mnanim, — ED, 
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The problem of confusion of language hae long plagued etjucatlon. In 
a aK>«t extreme fashion. Soviet-U.S. differences merely exacerbate a 
fundamental difficulty. Looking only lyithin the U.S., one finds nearly 
Incredible levels of corffuslon. "Dlficovery" teaching has meant so many 
entirely different things as to be vlirtually meaningless, or worse (cf. 
Davis. 1967). 

The term "new math" has sometimes referred to abstract mathematics; 
at other times It referred to highly "concrete" mathematics using geo- 
boards, Culsenaire rods, Dienes' MAB blocks,, and other materials. It 
has referred to Euclidean geometry, t;o Cartesian analytic geometry; to 
"Informal" geometry, to engineering drawings and descriptive geoiaetry^ 
to vector geometry, to transformational geometry, and, even to "concrete" 
geometry, as In Marlon Wafer's Work with milk cartons. 

This level of lingui^fto oonfuaum ia virtually cm ABSOLUTE homer* 
to real educational pipogre&s. It is literally impossible, in most oaaea, 
to tell what someone is talking about. 

Serious Soviet-U.S. oonrmhiaation MUST use very apeoifio excgnples, 
sample test items, films or videotapes showing apeoifio lessons, and 
similar specif io items, in order to give adequate definition to the 
words that are being used. [Actually, this is equally necessary within 
the U.S., but that should he part of a separate report.] 

One "new math" controversy relates to the propriety, or otherwise, 
of "teaching sets" in the primary grades. So wide a range of activities 
is included by different teachers and educators when they speak of 
"teaching sets," that the positive or negative value. of ^1*» ill- 
defined activity cannot possibly be determined. Moreover, the id^tical 
activity will be described as "teaching sets" by one observer, and as 
"not teaching sets" by another observer. This ia the level of confusion 
that exists if one looks mer%y within the United States! 

In going through existing English translations of Soviet vritlng, 
we have found the following, which (unfortunately) is entirely 
typical : 2 

[Conclusion of a research report]: "The study made it 
possible to conclude that fairly complex forms of analysis 
and synthesis of the properties of perceived objects^ compari-^ 
son and generalization of obfu^rvc^d phenomena » and understand- 
ing of the simplest relationships "ftnd their interaction could 
be formulated in childrert.*' 



^e omit specific citations since we do not mean to be critical of 
any particular writer or translator. The problem, regrettably (or 
alarmingly). Is an entirely general one^ 
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)fhat» exactly » does that meafi? Or, consider this example: 

[From ah article advising Soviet teachers hov to teach 
the Soviet version of **nev math^^T: 'however ^ one should not 
rmduce all work on the study of operations to nothing more 
^"^th^SlJtaj^-^ of examples and problems, Stdlls must be \ 

based on the properties of operations only under comprehended 
conditions so that they are well understood and hence lasting* 
The successful formation of skills also ai|pumes knowledge of 
the interrelationship of operations'' and tKe InterreXAtlonship* 
of components and results of operations « There thus follows 
the necessity for including these matters in tfa# work plan 
; for the study of operations ' . 

Here again one finds oneself ^klng: *%niat» exactly does that mean? 
What will the teachers assume that it means? How might one expect the 
teachefsi' behaviors to change as a result of this ^official* advice 
from an expert?" 

In most such cases the reader can miake an educated guess — but this 
comes closer to projective tests like the Rorschachs and the TAT than 
to serious scholarly discuss ion • 

Every effort must be made to determine, as precisely as possible: 
EXACTLY what was done?l EXACTLY what was intended? How»^ EXACTLY, did 
s tudents ^perform? .and so on. This will be no small' task, but without 
it there will* be little progress and great confusion. 
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Chapter IV 



A Wbre Detailed Look at Soviet Matheroatlca Curricula 

Robert Davla 



The parallels between Soviet efforts to Improve and Ibodemlze schbol 

mathematfLcs and slmllkr U.S. efforts are so ^striking as to deserve a more 

detailed consideration. In this chapter some of the details of Soviet 

curricula will be considered ^ Including changes that have been attempted 
from time to time. 

If^ we begin around 1921, with the published ouithematlcs syllabus of 
^he so-called "Unified Labc^ Scl]pol»" we flnd^ at the outs^« a consider- 
able surprise. The Soviet program of 1921 bore some considerable resem- 
blance tfi the U.S. "new math" programs of the 1950's and 1960? s! Vogell 
(1971, p. 6) reported that "the study Of arithmetic was compressed into 
four years," that "plane and solid geometry were partially Integrated/' 
that the fuqctlpn concept was emphasized a unifying theme, and that 
the eighth- ayid ninth-grade program Inctluded parts of both analytic 
geometry and introductory calculus! 

^Compare this with the U.S. "new math": spending Wt least somewhat) 
less time on arithmetic Was a theme of several "new matV^' projects 
(including the Illinois Arithmetic Project of David Page and the Madison 
Project of Syracuse University and Webster College); combining plane and 
solid geometry was a recomnendatlon of the early CEEB Commission on 
Mathematics reports of the 1950 'a* and continues to arise as an altema-- 
tive treatment for geometry (but somehow this Is a change that Is made 
over and over again, rather JLlke giving up smoking^ without ever being 
finally accomplished; in 1979 there were still schools In the U*S. adopt- 
ing this Innovation); the Madlilton Project^ among Others^ used the concept 
of funot-Con as a main unifying theme In ^ades A*-I2 anjd Introduced analy- 
tic geometry In these grades; and the excelleixt textbdols by Stein and 
Crabill (1972) Introduce beginning calculus in grades Bat 9 (at/ 
University High School In Urbane* Illlnolst these texts are iiseyl to 
Introduce calculus In grade 7, so that tools such as differentiation' 
are available throughout the entire secondary school program) . The slmi-«- 
larlties are Indeed striking and not unimportant ones. They represent a 
ma^or re-shapltlg of school mathematics* particularly with respect to the 
inclusion of functions* analytic geometry* and, calculus marly In the 
program. 

The number of times this program has been (independently) designed 
by experts Is testimony to Its internal strength — inti^melly* it can be 
a very effective curriculum. The number of students who have success-* 
fully been educated by this curriculum is large^ and pxovide evidence 
that it oan be a feasible program (Davis* 1976e^ 1976h; Hannibal^ W*^- 
But experience In Russia in the 1920*s and In the U.S. tn the 1960*a 



38 



danonstrated — if there were ever any doubt — -jthat ambitious curricula 
of this type require sjpecial (and extensive) teacher education^ and 
that they are appropriate for only some students » almost certainly 
not for all students « 

In Ru««la in the 1920 'a. yogell (1971) report* that "in actual J>rac 
tica the 1921 ayllabua proved too difficult for genaral usa^ and a leas 
demanding ayllabua — known aa the minimal ayllabua — was employed by moat 
achoola" (p. 6). But aurely the easentlal queationa really are: "For 
Whioh students *ia auch a curriculum" afi^roprlate?" and "Hov can one pro- 
vide adequate teacher education?" 

Of course, in the Soviet Union the 1921 ayllabua had the Aldl- 
tlonal important diaadvantage of operating In a aoclaty that wa« being 
transformed by a revolution and that waa devastated by war. Further- 
DK>re, the nation was being remade economically, with an unprecedented 
enphaala on indua trial Izat ion for which Russia's peasant past had not 
prepared it. Soviet achooling waa reoriented toward practical voca- 
tional rolea in industrialization. As a result there waA a decline In 
mathematical scholarship (Vogeli, 1971, p. 6), and the school mathe- 
matics ayllabua lost much of its theoretical content. The new goal, 
was to train students in Immediately uaeful - practical akllls of a low- 
level vocational sort. \ 

(Vogeli brings up another matter that deserves study — thcJSolriets 
eiid>arked on what Vogeli calla "the weakly-cona true ted complex-theme 
curriculum" and began to employ the "brigade" or "project" form of 
teaching. It would be interesting,— If it is still possible--^ find 
out what this actually meant, aa it was implemented In the l!wto's.) 

In any event, by the end of the 1920*8 the graduates of the unified 
labor achools were judged to be too weak in theoretical mathematics to 
continue easily into university-level studies, and too weak in practi- 
cal skills to be employable In factory jobs. Under the circximatancea 
of the urgent Soviet Industrialization, this situation waa considered 
unacceptable — something had to be done! , 

After discussions at the 1931 and 1932 Communist Party Congreases, 
it was decided to rearrange the entire atructure of Soviet schooling. 
An Inmediate goal was the creation qf a vast army of^akllled industrial 
w6rkcr8. The '-'brigade" and "project" teaching methods were abandoned, 
and in their place a very formal. academic program wrfa reinstated, pre- 
sented via highly-structured lessonii (a pattern that one seems to see 
in Russian schools today) . Old mathematics textbooks by Kiselev, wl^ich 
had been discarded, were now resurrected and put Into us«.' 

The 1932 program remained In use foi: twenty year*, until In 1953 
thm Klniatry of Education of the Ru*aian RafMibllc proclttlvad tb* need 
for modernization. The new goal was to pxovJftle more !• the way of poly- 
technic labor training, via what is sometimes calleti the **Kttii<;h«v 
school reform'^ <Shab«inowltz, 1978, p. 40) » The central problem,, aa 
described by Shabanowits, was that the demographic mix of skills and 
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career go^ls that was b«lng craatcd by the Soviet educational ayatera 
did not match the demographic «aix that waa needed by the Soviet economy 
Rueala had been moving very rapidly frop a peasant society to a modem 
Industrialized society. Where there had been one-)iear schools In 
peasant villages that attempted to teach "addition* subtraction, multi- 
plication, and division" as effectively as they could within the pror- 
graa of a single year of schooling, there were now eight-year schools 
that roughly matched the U.S. K-12 schools. Russian youth were 
suddenly far more sophisticated than In former years, and very large 
numbers of them sought ^aces In higher education. 

A typical U.S. response would probably have been a vast effort to 
expand the Institutions of higher education, with all that that might 
entail. The Soviet response was alaf> typical: l6 was decided, f^rat, 
that a rapid expansion of higher education would necessarily imply a 
lessening of quality standards; second, that the Soviet economy did 
Indeed require large numbers of increasingly more sophisticated wrkers 
but at something considerably less than the university level of sophis- 
tication. It was decided to "strengthen the ties between school and 
life." The program to do this was called "poly technical labor train- 
ing," and was intended to prepare"^ young people to take up a vocation 
inmediately after graduation from school. Students were to partici- 
pate In^socially useful labor at an early age so that they could plan 
their \:afeers on the basis of more mature personal viewpoints, and so 
that they woa).d not automatically look to higher education as the only 
possible n^xt step after high school. For admission to institutions of 
higher education, preference was to be given to applicants who had 
several years, of practical work experlencfB after high school^ as 
against applicants who sought to enter college Innedlstcly upon com- 
pleting high school. - 

(In both the U.S. and the U.S.S.R. there Is a persistent theme of 
the unresolved tension over more or less education, and ther resultant 
effect on lifetime careers. . You can quickly learn to be a key-punch 
operator, a typist, a draftsman, or a practical nurse. Considerably, 
more education is required to become a computer scientist, a manage-^ 
ment consultant, an engineer, or a surgcK>n. But the llfetlnte rewards, 
at least in economic terms, will be far greater. In both the U.S. and 
the U.S.S.R.^, many parents appear to suspect that If their children 
are 4>eing prepared for a career Imnediately after high school, it will 
be a career with a low ceiling for long-term ecpnomlc prospects — In 
effect, thcy^ feel, their children^ are . being shangh^ed into a lifetime 
of menial labor. The issue is unresolved within the U.S., and one 
presumes also within the U.S.S.R.) 

In effect (if one seeks a very rough U.S. equivalent), by t^ie 
Kruschev pljsn the Soviets ct-eated a program that combined the fallow- 
ing U.S. institutions: the vocational high school , the technical 
institute, the coBaaunlty college, the Civilian Conservation Corps, 
the Future Farmers of America, and the draft (but for work, not lalli- 
tary service). Discussions on the Kroschev revisipa , tooh place from 
1953 untU .195a,r by which time the reorganisation of all Sovlelt 
schools was proclaimed by the Supreme Soviet of the U.S.S.R. \ 



Perhaps unsurprisingly, action and reaction were •<lVuii oppo- 
site, though they may have taken subtly different forms. a Faced with 
the proepect of more low-level vocational and technical eWphasis, 
representatives of the humanities were able to get statements Reaffirm- 
ing the value of the humanities, and promising that "there must be no 
deduction In the humanities as a result of the school reorganlsatiot\" 
(•♦The Party...", 1958, p. A3). \ 

Confronted with the pi|qspect of mathematically gifted fstudents 
running off to farms to gather crops Instead of learning alfout conic 
sections, or working in a factory Instead of studying the ^elta pro- 
cess, the scientists and mathematicians were presumably Inl an even 
stronger position to fight back. A group of scientists and mathemati- 
cians petitioned the Communist "Party leadershlfL.and tht Ministry of 
Education to establish courses In theoretical mathematics in special 
schools for mathematically gifted students. Thus were the "special 
schools" Initially created. 

Of course. In a way, studying calculus and physics lind biology in 
high school is — or at least, can be — preparation for the world of work. 
If one is to go on and become k computer scientist, a surgeon, or an 
aeronautical engineer. 

During the 1960'8, the role of the special schools Increas^ 
rapidly: by 1965 more than 100 such schools were In operation, 
enrolling altogether more than 25,000 gifted or talented students. . 
For the nation as a whole, however, this was still a ^tter that 
Involved relatively fewVstudents . 

That, however, was to change. Th* more sophisticated mathemati- 
cal curri4:ulum of the special schools turned out to ba[ a laboratory 
wherelfia new national curriculum was developed. Vogeli (1971) des- 
cribed the situation as follows: 

■A 

[These special] schools provided the opportunity for exper- 
imentation with currlcular designs that would ultimately be 
introduced Into tWkmat hematics syllabuses of the entire 
secondary school syslem of general education. Topics from - 
abstract algebra, probability and statistics, numerical 
analysis, topology and non-Euclldean geometry— which had 
been considered too difficult for the eighth through eleventh 
grades-r-vere' successfully Introduced into the syllabuses for 
the special schools. The results of the experioMntatlon 
supported the arguments of mathematicians and teachers who 
* had been urging — li\ opposition ti> the official ministerial 
sanction of the polytechnic reforms — that the entire Soviet 
school mathematics syllabifi^ be reorganised and modemixed. 

The anti-polytechnic and pro-reformist ii^>etum drew 
support from outside the educational polleyHeakittg cononinity, 
that is, from the leadership pf the industrial, technological 
sectors of ths Soviet economy, who felt the need for workers, 
technicians and scientists with an increasingly sophisticated 
knowledge of mathematlca. 
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Th4 Soviet Union, like the United States ^ Japan^ and 
Xuropf 9 la engaged In poat-lnduetrlal technological develop- 
BMi|t and expanalon. The Soviet apace program reflects a l^lst^_ 
level of achieve^^^ competence an^T^emandla con- 

tinued effort In theoretical matheaiatlca and applied techno- 
loglea« If the former Soviet school curriculum, and syllabus 
in oiathematlcs was^ adequate to support the Industrialization 
of the Soviet economy. It was evidently not considered adequate 
to support the ongoing needs of science and technological 
development • 

Psrtlcipatlon by Soviet mathematicians and mathematics 
educatora in international meetings and conferences on mathe- 
mat lea education Informed them of developments and achievements 
abroad. The inclusion in European and American school programs 
of abatract algebra, probability and statistics, numerical 
analysis, computer and applied mathematica, and other areas 
not represented in the Soviet ten-year school syllabus undoub- 
tedly must have aroused the^interest and concern of Soviet 
mathematicians. Although lnj\tlal lnft>rmal proposals for reform 
went unheeded, in part because\of the persistence of efforts to ^ 
devise a practicable polytechnxc program, the success of the 
advanced, theoretical currlcuZa in the special schools provided 
the support that the Virt$poiRmts of reform were seeking, (pp. 8-9) 

<> 

As a result, the newest Soviet version of "new school mathematics'* 
was developed; under the leadership of Academician A. Kolmogoroff, 
in the^yearit' f rom 1966 (when work on it began) until 1975 (when it was 
to be ins trailed in all Soviet schools). Reliable reports from indi- 
vidual ^ teachers seem to Indicate that this latest Soviet curriculun 
has not met in an entirely satisfactory way the test of viability 
under the conditions of egalitarian Implementation on a vast scale. 
Probably that was too much to expect. As usual, two questions remain, 
not yet satisfactorily dealt with: **^or which students is k more 
sophisticated curriculum appropriate?'* and "How can one acquire a 
cadre of teachers of the requisite (high!) level of technical subjec| 
matter competence, combined with the necessary pedagogical ability?" 

The specific mathematical content of the 1975 curriculum la roughly 
as follows: 

GTodme 1 to 3 (ages 7 to 10) : 

In these grades are Included the operatloiis of addition, 
subtraction, multiplication, and division; the basic laws 
(commutative, associative, disttibutive, etc.) for these 
' operations; the beginnings of algebra (on an InttDductory un-* 
pressured level); measurevMint (including area eni volume); 
the basic geometric concepts of pointy line^.^ awl angle; and 



hi 



mVf agnlq, the nmmd for specif let ty arises. JUst iAukt Is s youag dhlld 
supposed to think that a "point" actually Is? How does he deal with Its 
idealised (unreal) nature— if at all? [cf. Davls» 1976c.] 
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•iMMntary surveying » actually carrlad on outdoora* Shaban- 
owltt (1978) aays of tha curriculum for gradaa 1 through 3: 
**Tha connactlon batvaan gaomatrlc^ algebraic^ and arlthmatlc 
matarlal la an important featura of tha Biathanatica program 
in tha primary grades** (p. 56). Tha aama ia trua for aoma» 
but not all» of tha **naw math** curricula in tha U.S. 



GradsB 4 and 5 

Tha arithmetical oparationa are extended to fractiona and 
decimala.3 Extensive use is made of number lines • pimple 
equations are used for physics (s v « t^ etc.) and for 
geometry (areas^ volumes, etc.)* Plotting points in Cartesian 
co-H>rdinates is introduced » as are poaltiva imd negative 
numbers. Geomettic topics include: use of rular^ protractor » 
and compasses in geometric constructions; tha theorem that ver- 
tical angles are congruent; parallel lines; theorem on sum lof 
angles of a triangle; congruence of triangles; Theorem of 
Pythagoras. (All proofs are described as **iiitultiv*.**) 

Grades 6 through 8 (ages 12 through 15) 

The concept of 'function is introduced in grade 6. Other 
topics include: inequalitilesi graphical representation of 
functions; the properties of integer /sxponenta (without proofs) 
polynomial functions; and the solutlan of systeoM of two equa- 
tions in two unknowns (both algebrs/cally and graphically) . 

Grade 7 

Topics Include: the study of rational functions, includ- 
ing transformation of expressions, as in 

11 

-JL j_ - y - ^ 



% 



X 



^ + ax + bx + ab x + b 



2 2 X - a 

x^ - a^ 



2 

Surveying in grades 4, 5 and 6 (U.S« style) was alao a feature of some, 
but not all, of the various U.S. '**new math'^ programs* Lauren Woodby^ 
eapeclally» developed teaching units for *Wtdoor mathaMtlca.** 

Once again, queations arise about apeclflca* Would not the outdoor axper^ 
lancea with surveying require fractiona or decimals? Tha topic can hardly 
ba'new at the^ fourth-grade level. (Presumably what happens in grades 4 
and 5 ia a more thorough and systematic treatments) 
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binary numarala ,(and da clmal -binary copvaralona) ; abaoluta 
and ralatlva errora» Including cha fbntulaa 

A / i'N • b Aa - a Ab 

\h) b (b + Ab) 

A (• » b) , Aa Ab 
« ♦ b a b 

the function y - / x ; and certain special, functions such as 
the greatest integer function and the absolute value function • 
Geometric topics include: circles; chords ^ arcs, and central 
angles; Intersecting and tangential circles; Inscribed and 
circumscribed circles; and transletlon and rotatloft« There 
Is also a separate course In descriptive geometry and engineer- 
ing drawing « 

Grade 8 

* 

Tbplcs ^Include: the solution of quadratic equations; 
Vl%ta*8 coefficient rules; arithmetic and geometric progres- 
sions; easy examples of proofs by mathematical Induction; 
fractional exponents; informal treatment of Irrational numbers; 
^he exponential function; and the logarithmic function. This 
^ Includes formulas such as 

y log^A - logg C log^jA . 

At this point the students are about 13 years old^ and this seems 
to mark the end of one stage of mathematical study » Up until now this 
has been a program for alt students « After this point has been reached , 
students' paths begin to diverge. The work of the "eight-year school" 
has been completed. \. 

Grades 9 and 10 J 

At this stage, for those students who go on, the required 
coursework in mAth^ la reduced slightly (from 6 hours per week 

to 5)t and eZ^lS^tvkp make their appearance in a larger way. Geo- 
metric toplct^hclude: measurement results obtained from similarity 
principles; tlie trigonometric functions; law of. sines; and law of 
cosines . . ^ 

Grade 9 

* * * 

Topic* Includei limit of Inflnlta aaquancaa; Irrationality 
of ¥2 ; llnlta of functions; continuity (daflnad by c , 6 nathod); 
the darlvatlva ' davalopad f|pm tha study of concrata axaaplas 
Involving velocity^; follovad by undertaking the general atudy of 



For a slapilar program In the U.S., see Davis (1976b> and Davis, Jockusfh, 
and McKnfght (1978). , 
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derivatives; vectors; trlgonoaetryf differentiation of trlgono- 
Mtric functions; dlf ferentlatldn bf exponential and logarithmic 
functions (and appllTcations to prol^ens of grovth and decay in 
physlcs» biology* and ecoooalcs)) antl-dif ferentlatlon; definite 
integrala; surface ar— » amd' yp lmm m mi solids of revolution; 
the henionic osclllator;^ solution of certain sec0tt4-^T<**^ <^^f^^^ 
ential eq^uations; combinatorics; probability; and Chebyshev*s 
Theorem and the law of large numbers. Geometric topics include 
vector geometry and proofs \yf theorems in axionatic Euclidean 
synthetic geometry. 



Optional TopioB 

H " . " " ...... 

What has bean deac^rjtbad aboira^ aapaclally for gradas I through 8^ 
rapraaenta essentially the required curriculum for all Soviet children- 
The difficult problem of providing for Individual diffarancas mimt 
be faced; In addition to the special sthools^ the new (1975) iSovljst 
curriculum tries to provide for .Individual dlffer^ncea by^h^yi^ of 
optional mathematlca courses / These do not replacp any of basic 
courses^ but are taken in addition to them. According to jltil^anovltz 
(1978) » main emphases In optional courses, which begin yjf^t . grade 7, 
Include: transformational geometry, qpii^sctc numbers (rnqludlng 

»rm) » t 



De Molvre^s Theorem and Euler's Theoi 



the solution bf 'Alffeirentlal 



equations » non-Euclldean geometry , further study of th« axlqinatlc 
method In geometry » vector spaces, computer programming* and nuaierl- 
cbX analysis. 

As a suggestion of grade-level placement, geometric proof ^ using 
Cavallerl^s theorem appear as an opt^ronal topic In grade 8 (14^ and 
15-year-old students); a more thorough study of the field of tjne reals 
and an introduction to complex numbera both appear in grade 9;^^ while 
additional topics in the theory of probability, an introduction to 
computer science, and a courae in programming digital computed^ all 
appear in grade 10 (16- Wid 17-year'-pld students). \ . 

In the effort to define the 1975 Soviet curriculum more precisely, 
ijp; is helpful to look at typical questions from the examinations that 
are used at the end of the school year to determine which chlldi^en will 
be promoted to the next grade. 

J 

I 

For promotion from grade 4 to grddm 6: 

A state farm sent 11 tons 975 kg of fruit to a cannery» andj 3 
tons 950 kg less than that to various stores. Apples accot^nted 
for J of the weight of all fruit shipped. . ^ | 

' . • ' . / ■ 



A considerably more detailed discussion of thf 1975 m^th<MRi|tic8 curric- 
ulua is presented in Shab'anovltz (1978). 
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Hov iMiiiy boxes were needed to peck the applee. If one 
box cen hold 30 kg of applee? (Shebenowltt, 1978, p. 73) 

For promotion from grade 6 to grade 7: 

Solve the folloving equation and^ check it: 

(3.2-2x) 2.5x^^^ x(5x-0,5) • 1.5. (Shabanowlts, 1978, p 

For promotion from grade 9 grade 10: 

Find the value of r such that the graph of the function y 
will pass through the point 



P 




(Shabanowitx, 1978, p 
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On* Vliir of the Value of Studying Mathematics Education 
Renearch and Developqiejnt In the Soviet Union 

Robert B. Davie 

A. What Do We Need? 

What a supermarket has to offer to you depends not only on what It. 
has in stocky but also-- and usually more importantly — upon what you 
need. before we consider Soviet R and we nhould perhaps look 

around the U»S« and try to decide what we needl This is the hardest 
part op the task.. Even if we could all agree on what. Is available In 
Soviet; R and D literature (and we are hardly well^-enougH informed to 
be ahXe to do that), th^r^ are surel^y markedly different views as to 
what is lacking here in the U.S. That, of course » is the reason for 
providing four independent chapters by different authors in this report. 
We' b0gin» then, with one observer's shopping list. As we identify items 
we shall consider what might be available from a study of Soviet work. 

I ask the reader^ to bear in mind that what folldws i« a petsonal 
list, written in ''*obj active" language only for the aake of simplicity. 



1. Deeoyription 

There is no more grievous lack in typical U.S. research and 
development work than the absence of enough desaxn^ptione , and good 
enough ones. A very contknon kind of research raik>rt will assert some- 
thing like this: ''The us? of art to' motiVat^ arithmetic In gr«de 5 
Was foupd to^ yield no significant dlf ferfi^p^^ee in st;Mdent gain scores^ 

as measured in grade equivalents by CTBS tests." 

^ ,. •■ 

s 

But, typically, the report does NOT tell you how "art" was "used" 
to relate to arithmetic. Did students use wax crayons to color in 
'purple-outlined pictures that had been run off on a ditto machine? 
Did they maike original "sculptures^" using wood and metal scraps from 
the Junior high school ^hops? Did they make silk screen prints? 

How vas the art related to the mathematitisX aift actively used 

am a reward — after getting a score of 90 or b*tt«r on an firlchmetlc test^ 
a student could go to the art room for a two-hour session? Or were the 
art and the mathematics inesttricably Interwoven, pethaps In thik task of 
building a maiisive mobile that required an a pr^ri determination of 
balance points » using the computation of tuniiiis mHMrtsT If to^ was 
the specific project of such a nature, that eomputatlpttii wmv« In fact 
Inherently hecessary,' or were they a gratuitous requlr«ment Imposed by 
the teacher pn a, task that could, bm done more simply by "cut-amd^tiy" 
nonAmatfaematical methods? 



How about the teachera? Did a single teacher deal vlth both* art 
and mathematlca? IfN^o, waja the teacher fully competent in, and enthu- 
siastic about » both aW and mathematics sepafrately? Vae the teacher 
enthusiastic about the\ combination? , 

How good were the ep^lf Ic tasks t^at were used? What were they^» 

specifically? Did th^ Inwlve spatial visualization » as Marion 
Walter's "mliy^carton cutting'* does? 

tJ^at quea Hons (arid answers f) of that type are not important. But 
every good teaoher knows that this is false. What you do is impor^ 
tant, but the details of how you do it are no less decisive in shaping 
the outcome. 

ii 

A decade or two ago, U.S. research aod development efforts seemed 
to argue that such "details" were neither necefsary nor appropriate to 

cd>stx^t science, to the "scientific" study of education. This was 
clearly false: very often the details arc of decisive importance, v 

More recently a different defense has been used: The study *of 
education needs to concern itself with policy questions. A sjuperin- 
tendent of schools » or a principal can make decisions and seV^V^^^* 
lines only at an abstract levels such as scheduling art and matHematics 
teachers to work together; the superintendent cannot be involved in the 
details of program implementation.^ This arguottUt; is no less specious 
than itfs predecessor: why sheuld research and developeiiiht be aimed 
prifmrlly (or solely) at administrators? The needs of teachers — and, 
in fact» of parents — are just as great » and they make different kinds 
®of decisions^ where the Importance of detail is iindeniable. 

Far more research and development le needM where Isxactly whatsis 
done is recorded and reported in the fullest possible details and where 
the entire outcome is similarly recorded and reported. ^This can some- 
times be done by detailed verbal descriptions^ but can sometinies be 
handled better. via videotape^ audiotape^ or film. 

Education, after all, is not merely "applied* science" — indeed, it 
is not mainly applied science. It is also very largely an art, and 
must be treated es one. The long-term history of music shows unmls- 
^ takable periods of progress. But these have depended upon knowledge 
of the details ol performance, usually lichieved by hearing live per-^ 
formlinces. Could Bee thbven have composed as he did if he had never 
heard a performance of thn music of Mosart, Haydn, Bach, or any other 
predecessot, but had seen merely "abstrebt'^ deacriptorti^ written not 
in musical notation, ,^but in ordinary ^rman prose: **The composition 
beiiine with a loud chord, l^ollbwed by a silence; then e rising 
sequence of notes, in which the violin la prominent^..*'? Cleerly notf^ 
The details of composition and perfontoance are critical* These ere 
ceptured.in live performances, in recordings, and in sheet muelc--but 
not in abatract verbal 4«^c,riptlon«^ ^^f. 
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To 8om« extent an alternative approach — fundamentelly different — 
has been provided by Plaget. He has observed the details of certain 
behsvior» and has described it quite vell.^ His impact in the Unlt^ 
States has Been useful, but sons Soviet studies offer more, and some" 
Soviet discussions of methodology are especially valuable. Consider, 
for example, this passage by Krutetskil (1976): 

- As an llluatration of the aforementioned deficiency of teat 
8tudle«» we can cite the research of J. Murray^ devoted to 
nn analysis of geometrical ability and published in 1949. 
The author » using a testing technique that completely ignores 
the process of solving test problems, found a correlation 
between success In mastering geometry and particular abili- 
ties: reasoning ability, the ability to "grasp" spatial 
relations, and so on* The same kind of research Is repre- 
sented by the more recent investigations of mathematically 
gifted adolescents by A* Kennedy and others, the research 
of Locke on the correlation between indexes of gl^fted 
science students* intellectual abilities and personality 
traits obtained in the classroom and their out---of -class 
achievement^ and m^ny more* It is hard to understand how 
theory or practice can be enriched by, for Instance, the 
research of Kennedy, who^ computed, for 130 mathematically 
gifted adolescents, their scores on different kinds of tests 
and studied the correlation between them, finding ;:hat in some 
cases it vas significant and in others <not. The process of 
solution did not interest the investigator* But whut rich 
material could be provided by a study of the process of 
mathematical thinking in 130 mathematically able. adoles- 
cents! (p* 1^) 

Krutetskil does not leave us In doubt as to the kind of altema- 
tj,ve he has In mind; he gives us examples — and these examples show a 
good level of detail in observing and describing a student's actqal 
thought processes: 

Let us consider a few examples to convey as clearly as possi- 
ble the essence of our criticism • In most cases where the 
same test result has been obtained^ the mental processes that 
have led tb the result can be essentially different. And this 
very difference can be the most valuable material for Judging 
an examiix^e's psychological traits — his abilities . ^ With this 
in mind, we shall discuss a few examples from our trork: 
examples ot different psychological means of arriving at the 
same result. 



Yet Piaget^s alternative^ though very important, has<not entirely filled 
the need for ^ternative R and D inethodologles for the U.S. We return 
to this theme below In a later section of this chapter. 
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!• Frohlm. Thr«« friends vl«lt"^fcljellbr«ry on different days: 
tSm first ones every 3 dsys^ the secoinS once every. A dsys» and 
Che third once e^^ery. 5 days. The last time they were st the 
llt>rary together was on a Tuesday. In how asny days will they 
again be at the library together » and what day of the yeek will 
It be? ; • 

Solul^one. Pupil G.S. (seventh-grade boy) rapidly wrote d<ywn a 
series of consecutive numbers starting with 1 and began qulclcly 
crossing out numbers: every third one (with a Xlne)* eVery\ 
fourth (with a dot), and every fifth (with a cifoss). He got /the 
right answer mechanically: ^60 days. He rapidly counted off the 
days t>f the week and got Saturday. Correct answer; solution , 
ttmei. 2 mln.y 2 sec. - ; 

Pupil Yu. A. (seventh-grade girl) thought a blt» then said, 
"So this will be the least common multiple!" Without hurrying, 
she calculated (3-4'5 - 60). She divided 60 by 7, obtained 8 
weeks, with a remainder of 4 days. She declared:, *^^ednesday, 
Thursday, Friday, Saturday. Two months from Saturday «V Correct 
answer; solution time: 1 mini, 22 sec. . J 

For both the result ^ the same. The psychom«» trie Ian 
evalpates both pupils as tfqual (at best,, making a "correction" 
for the solution time) |7he proaeaBBB of solution are at 
entirely different level^'. 

2. Problem. Write down 1^0, 101, 102,... What do the three 
dots mean? What Is the first number you have written down? 
What 1^ the first digit? The third digit? Queation: What 
will the thirteenth digit be? The twenty-first digit?- ^ 

Solutiona. Pupil A.K. (fifth-grade boy) simply continues the 
series and primitively counts off the specified digit* The 
answer is correct; time: 29 sec. 

Pupil S*B» (sixth-grade boy) reads aloud (and shows on his 
fingers) the digits from 1, until he reaches the needed result. 
Correct answer; time: 21 sec. 

Pupil R.V. (sixth-grade girl), having noticed after soeie 
reflection that each number has three digits, reads aloud In 
groups of three, without reproducing the whole setlea* Correct 
answer; time: 24 sec. « 

For all three, the result Is the samee the problem is 
solved correctly. Moreover^ the solution' times approximately 
coincide. Any psychometrlclan Is obliged to rate all. three 
pupils as altogetheV equal. But It is clear even to someone 
Inexperienced in psychology how different were ^ the psychological 
paths leading to the result* 
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Tb show hov important a pupil's unique problra-Hiolvlng ' 
natho^s can be and hov much an analyais of tha procaaa can 
contribute to raaaarch, we cite an exibnple of the aolutlon 
of tvo problems by three pupils (we shall give brief descrip- 
tions of the solutions). The test probleiw vera taken from 
Werd^lln's study » Pupils In the Mosco|f schools did the solv* 
Ing, 

Problem 1. If we add 360 to a certain number, we obtain the 
same result as we would if we multiplied this unknown number 
by 4* What is the number? 

Problem 2^ A iQother Is three times as old as her daughter. 
Ten years from now she will be only twice as old as her 
daughter. What is the mother's age? 

Solution by^ Sashd R. (seventh grade). Quickly, without 
pausing, composes equations and solves. 

1. 360 + X - X 360 - 3x x - 120 

2. x; X + 10 3x T 10 - 2(x +10) x » 10 
3x; 3x + 10 3x + 10 - 2x + 20 

Solution by Raya Ta. (seventh grade). Quickly, without pausing, 
draws a diagram: 

+ 360 

1. o - □ o □ a CI - 120 \ ^ \ 

2. □+ O \ 

□ D O + O 

□ DQO-DOOO D-IO years (daughter) 

Solution by Robert N. (seventh grade) . Doea not write or dtaw 
anything. Quickly says, for (1), "Add 36\) and take it four* 
times — lt*s all the same. Then 360 is three equal factors* 
The number is 120." (2) "The difference between mother and 
daughter vlll always make up two Initial ages of the daughter, 
and in 10 years these two Initial ages will equal to the next 
age of the daughter, that is, in 10 years the daughter will be 
twice as old. The daughter is IQ and the nother 30 years old." 

All three pupils solved both problems; all three were con- 
sidered able pupils; the solution time for all three was approx- 
imately identical. A psychometrician would have to rate all 
^ three as entirely equals But even a superficial analysis of 
the process should suggest essential dlfferancaa in ^^^^ 
pupils' mental processes « 

Wc have dwelt on this natter because It im Important to 
ehov concretely the different possibilities that are ailaaed in 
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tMtlng and the •rroneousmsa of Its conclu»ioiui. Thm psycho-- 
Mtrlclan^ in each Instance cltsd above ^ onxat concluda thut 
tha pupils are equal In their manifestations of mathamatlcal 
ability^ whereas analysis of tha process suggests that va are 
dealing with different levels of mathenatlcal ability In tha 
first two problems and with different varieties of mathe- 
matical ability In the second two, (Krutetskll^ 1976^ pp. 
U-16) 



As a result of all that has been said above» one must agree 
with Teplov, who wrote that testing on the whole has not 
cleared the way for a study of Individual paychologlcal 
differences; "In a scientific respect it h^s proved unayall-- 
lng» and In the sphere of practical application sometimes 
downright Injurious". (Krutetskll, 1976, p* 17) 

The omission of detailed deearn^ptiofiB In typical U.S. educational 
research ts. In part, a misreading of the history of science. In recent 
years » one or another kind of experiment has been Important In the 
. traditional, sciences (though not, as Kuhn (1962) points out, nearly as 
Important as the popular folk-lore suggests). However, In medicine, 
physics, and chemistry this age of experimentation had been preceded by 
many (yentt4i*ies of careful observation a,nd description (cf., e.g., 
Davis, Jockusch, and McKulght, 1978). The taak of oOnparable dea(yrip- 
tionb in education irtust be overcome; a major effort at describing 
treatment, describing outcomee, and describing thought proceaaes is 
needed. The use of audiotapes, videotapes ^ and film can greatly 
facilitate this process. And, as the Krutetskii excerpts should 
suggest/ this is a matter where we CAN get some help from Soviet work, 
especially in the description of alternative ^^surface'^ thought pro-- 
cesses. ' * 

How far^ must' one go in describing, observing, and recording? My 
answer is: very far. Indeed! We -do not at present possess the 
abstract descriptors necessary to enable us to determine the essential 
nature of learning experiences, of thought processes, or of outcomes. 
Consequently, we must sometimes go even this far: record the learning 
experiences on videotape; record sample outcome behaviors on videotape; 
and report that 'for the 361 Students studied (for whom an Incomplete 
set of descriptors exists and would be used in describing them), educa- 
tional experiences that looked like this produced, in at least 83 per- 
cent of the cases, an outcome that looked like that.^ 

In music, the '^outcome*' tapes might record a student recital, or 
in the case of mathematics, they might show a S'tudant as he or she is 
.confronted with a problem of a new unfamiliar type, and allow us to 
watch and to listen as the student tackles the problemi^ Sometimas It 
is mora effective to have several students work togeth#tf on tha unfam- 
iliar new problem, since conversation between the students will some- 
times help to reveal more clearly the way the stfudent? are thinking 
about the problem. 
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A (small) part of this nattar ia aometimas daalt vith^ vithln 
tha U.S.^ aa tha distinction batwaan prooJes and piHxiuot. To soma 
obaarvara (aapeclally laymanX» it saana obvloua that product — tha 
^'bottom Una," aa It vara — la all-Important » wharaaa procaaa la 
incldantal mpd usually Insignificant • Of coursa thla la falaa* Ona 
quaatlon, Intandad to emphaaiza tha fallacy In "counting right 
anavara*^ as a maaaura of achiavamsnt or undstiraCafidln^» ia t^hliis 
Would you ratha^ hava a vatch that (without rasatting) is corract 
tvlca a day» or would you prafar ona that (agaln» vitlK>ut rasatting) 
is corract onca a yaar? If ona "counta tha numbar of right ansvars»" 
tha first watch gets (at least) 730 corract answers in 365 days, and ^ 
ahould presumably be chosen In preference to a watch that gets only one 
**ri^t answer" in this period of time. But of coursa a watch that 
doaan^t run at all will be correct twice every day; a watch that ia 
right only once a year muat, in fact^ gain (or lose) 3.9 minutes each 
day» and is perfectly satisfactory for most ordinary purpoaea. 

Exactly similar phenomena happen with students; A atudent whose 
procedure for» say» sub ttac ting several -digit numbers contains one 
minor flaw may, as a result » get ^1 — or nearly all — of thjs answers 
wrong. Yet the task of , identifying and correcting thla ^'^bne minor 
flaw" may be quite simple, after which the student may get all of the 
answers right. 

Another student may get substantially more answers correct, but 
such may be the nature of the flaws in that student ^s procedural (or 
the difficulties of some other nature that he or she experiences), 
that significant remediation may be essentially impoaalble. For 
serious remediation — or even for correct asaassments in general — ona 
MUST deal with "processes," rather than "products." Krutetskii and 
many other Sc\Viet researchers hold to precisely this point of view. 



2. Interview Studies 

A corollary to the importance of desoirLption ia the need for 
interview studies. These have played a large role in Soviet work, 
aa one sees Immediately from, for example, the work of Krutetskii 
(1976) cited earlier. Among U.S. researchers, see Erlwanger (1973), 
Alderman, Swinton, and Braswell (1979), and Burton and Brown (1978). 
Ot|iar Soviet researchers include Kabanova-Meller (1970)^ Talyzina 
(1970), Yaklmanskaya (1970), Zykova (1969), Yaroshchuk (1969), and 
Doblaev (1969). 

3. A ^^tructural^ or ^etaphoria^ Theory" of Human Information Prooeseing 

Chamlatry could not hava achieved its modern auccesaaa without the 
davalopmant of a "structural" or "mataphoric" theory in terms of atoms » 
nolecules, atomic nuclei, prbltal electrons arranged in layera, etc. 
Had chehilatry attempted to deal only in "real«-valuad variables" such 
aa density^ pH, atomic weighty and so on^ it could not have made long-- 
term significant progress (cf., e.g*, Davis and McKnight, 1979). 
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In a similar v«y» educational studies must ralaba to a "struc- 
tural" or "rostaphorlc" thsory of human Information ptx>caaslng» The 
appropriate kind of theory » perhaps not yet correct in detail ^ but 
surely moving in that direction^ is being, built by Mlnsky^ 
Papert^ Marilyn Matz^^ John Seely Brovn» R. Schank^ and others (cf.^ 

Minsky and Pai)ert» 1972; Mats, 1979; Brown. 1979; Davis, 1977), 
This is extremely encouraging^ but this type of "metaphor ic*^ theory 
is still of inures t on^^ to a aitall group of researchers* A larger 
discussion of such matters should be beneficial • This might be more 
likely if some. Soviet conceptualizations were included in the discus- 
sion. The work of Tikhomirov arid Terekhov, and of N.V* Rivkvs, 
reviewed by Rachli^n in Chapter Vlt, would be examples of relevant 
Soviet stud la's. 

J _ 

there are said to be many recent Soviet ^studies that follow the 
kind of "artific^^al intelligence** paradigm that we have in mind. 
These atudies are presently unknown in the United States , but per- 
sistent inquiries could presumably locate them. 

4. Family and Home Enoirorment Studies 

There is no greater necKl in the stud^ of U.S. education than the 
need for studies of the edyicational effect of different patterns of 
parental behavior , home environments^ and other determiners of student 
self-concept y student preferences ^ student values » student habits » 
student aspiration levels, and so on. It is overwhelmingly apparent 
that students differ, one fi^om another, and that these differences 
are often very stable, not easily modified by schools (cf., e.g.,^ 
Davis and Douglas, 1976). These differences are not' well-^described 
by I»Q» scores — they relate to regular habits of doing assigned home- 
work on time, to working carefully, to being curious and inquisitive, 
to pelrsistence' in working on di'fficult or tedious taskst to self- 
(^onfidence, etc. ^ ^ 

r 

What kinds of parental behavior influence the development of good 
work habits, curiosity, and self-confidence in childrcsn? Virtually 
nothing — beyond folk-lore^* — seems to be known about such matters. Yet 
nothing is more fundamental to the outcomes of educstion. 

Soviet educators have long stressed the importance of the ^'upbrlng- 
ipg'* of children — Indeed, there are special professionals known as 
"upbringers .** This distinctive Soviet* noti^ns^dCTIVolvlng responsible 
citizenship, good work habits, respect for te^cherSt etc. — bear% the 
Russian name *'vospitaniyeh" (90CtfV<T5-HV\C] 'Ehus, there^an be 
special interest in studying the development of good w^rrk habits and 
similar factors in Russian children, and — since the Soviets devote much 
attention to such matters — one can hope that there are man^F existing 
Soviet studied worthy of trsnslation into English and study by U»$. 
reeearchers. Where typical Russian practice d^verg*e sharply from 
typical U«S. practice, there is always a possibility Of useful studies. 
This divergence clearly occurs in the matter of the very close su|>er- 
vision of children in Russia, quite unlike American pracjtlce (cf ^ Smithy 
1977; Bronfenbrenner, 1970). 



« 

Th^rtt Is the further poeeibility of new studies by M.S. scholars 
In the Soviet Union, by Soviet scholars in the U.S.^ or jointly in 
the tiio countries. One important study of this type already exists: 
Bronfenbrenner's jyjo Worlds of Childhood: U.S. and U.S.S.B. (19?d). 
Given the importance of family studies » much more might be uiq^ertaken. 

Before continuing our Hhopping list of what is needed in R and 
it may be well to pause and akk what goats we have for the entire 
venture* 

^» 

B. Goals for the Improvement of Mathematioe Eduoation 

Again with the admonition that this la a personal list, ! propose 
these goals for the overall program of research and development in 
education: 

1) Creating programs such that mpat students learn more mathe- 
matics than they do at present; 

2) Making it possible for most students to derive more gratifi- 
cation from the study' of mathematics than they do at present; 

3) Making it easier for .students to relate mathematics to their 
personal career choices [this includes both a "curriculum" 
aspect — trying to make the curriculum relevant to these 
career choictea — and also a "student" aspect — making students 
less fearful of mathem^ttics (and better prepared in mathe- 
matics) » and hence more willing (and able) to select careers 
that involve mathematics]; 

4) Increasing student understanding of the mathcjtaiatlcs they do 
learn; 

5) Increasing competence in "routine" mathematics^ such as 
solving systems of linear equations^ etc*; 

6^ Increasing competence in heuiTiqtlc analysis and the various 
aspects of creative and original work in mathematics; 

7) Giving students a better idea of the various smjor aspects 
of mathematics (e.g.» where Xs it usefu)-* where is it less 
likely to be useful, etc.); 

. 8) JMatching mathematical training to the economic needs of 
society; 

9) Accelerating the pace of education so chat young people are 
not forced to remain in student status any longer than 
necessary; 

10) Getting a deeper understanding of the proceseee of learning 
mathematics and solving problems involving mathematics* 
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C. Furthar ConeidMration of What Ib N^edBd 
W« r««uBM our "shopping list" fro« Section At 
'5. Complexity 

Th« study of learning In the United States has focused nainly — 
aliaost exclusively^ It aqmetlmes aeema — on simple casea^ often too 
simple to shed much light on the learning of mathematics or the acqul- 
altlon of skill In problem aolvlng. The follovlng quotation from 
Rllpatrlck and Wlrazup (1969) puts the case clearly: ^ 

In vlev of recent concern abo^t the place of axiom* tics^^fwl 
proof In the American achool mathematics currlcultua^ It Is 
surplus Ing that there have been virtually no research studies 
In this country concerned with pupils* thou|^t processes In 
making a geometric proofs . In fact, thedasslc work on proofs 
In geometry Is still Fawcett^s study, pub:|^lshed In 1938, Hhlch 
deala only with promoting the ability to provf * theorems and not 
with describing or analyzing the process* Heedless to say» If 
American mathematics educators haye shied away from Investigat- 
ing processes of geometric proof, American psychologists have * 
completely avoided the topic, with Its complex tasks ^ Its 
potential for uncontrolled sources of variation » and Its lack 
of observable behavior. Soviet psychologists, however^ have 
not been so reluctant. As the "articles In this volume indi- 
cate, there has been substantial Interest In the Soviet Union 
In how pupils prove geometric theorems, which is seen hif^ part 
of the larger question of how they solve problesis Ih geometry* 
In Contrast to Polya'a distinction between "problems to find" 
(with unknown, data, and condition as their principal parts) - 
and "problems to prove" (with hypothesis and conclusion as 
their principal parts) , Soviet Investigators appeai: to view all 
problems as composed of a condition (containing the data) and a 
requirement (or unknown) . Pupils are apparently* taught that 
when faced with a geometry problem they should Identlf^f the 
principal parts, locate them In the diagram given with the 
problem, and attempt to recall relevant ^concepts and theorems » 
In other words, they are taught to* use augg^stlons myoh like 
those gV^en by Polya, although the approach Is more formal and 
the terminology dlj^ferent. (p. 1) ^ 

6» Laboratory Schools 

In some ways one of the most troublesome criticisms of educational 
research is that It makea little contact with reality^ that It is "merely 
pollege professors writing for other professors."^ One obssrvsr recently 
remarked that the whole adventure of the "nirw sAth** ssssnkI to hanre b«en 



For one interesting assessment, see Rising (1978) » 
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a 0toni on the surface of the ocean»< having no perceptible effect on 
the actual teachers^ claaarooiaa^ and atudenta^ who of ccmrae dwell 
far below on the ocean floor. 

If cheniata had no laboratories* chemistry might be an abstract 
atud^t lacking contact with reality. I< Inflation^ receaalona^ mono- 
pollea^ and trade deficits did not occur, economics could conceivably 
be an aba tract study. Wliat could save educational research from the 
fate of losing contact with reality? The author — who> for several 
years» has bpen privileged to teach In a high school that Is* In fact, 
a laboratory school for the University of Illinois, and who thus has 
first-hand experience In the discipline that Is enforced by the 
reality of teaching pre-college students — would argue that educational 
research and development requires lotaratorftf a » and th^£_ for ventw 
of significant size (NOT in terms of large numbers of students, but 
rather In terms of major /liuy>vatlons, and following atudents for thriSe 
or more years), these laboratories need to be tdboTatovy eahoots^ 

If one adds to this the unfortunate separation between LAS ^ 
(Liberal Arts and Sciences) .Mathematics Departments and Colleges (orl 
Departments) of Educ«tlon, one has a clear recommendation: the 
typical U.S.' university should own and operate ^ pre-college school, 
not one associated onl\ with the Department of Education, but rather 
one where the LAS mathematics Department la responsible for mathe- 
matics, the LAS Chemistry Department Is responsible for chMiistry, 
and so on« 

Exactly, this pattern cxm be observed in a few Soviet '^special 
schools" operated by major universities, one of which has Kolmogoroff 
(one of the world's greatest mathematicians) as principal. Study of 
this Soviet practice might help Americans, to see the value of such 
arrangteents. Vogeli (1971) reported that a small number of "special 
schools," created and operated on this principle, have come to have a 
profound Impact ^on all S<5vlet educatl(*n. 

The U.S% and the U.5.S.R. have tried remarkably sliiiilar "new math** 
curricula^ and for generally similar reasons. Although the U.S. 
venture has been one of the most in tb res ting developments in American 
educatloni). It h^ received essentially no serious study (except, per- 
haps, for one evaluative study by-Dllworth, 1971). But subjects deemed 
unworthy or unsuitable for study In a single nation soswtlmes acquire 
greater appeal when two nations can be involved 

In any case* continuing ravlaions in the school tnatheawtlcs 
curriculum will remain necessary fdr.. both nations » and the Soviet 
practice of extensive published discussion could be helpful also 
to the Un\|.ted States. There needs to he far more written pubtio.j-. 
diaauaeiori, of the eohool mathematioa aurriaulim. 
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8. The Rol« 6f tha feaoher: Partly Pt^m-progt^aimad, Phfrtly ^pontarwous 

Im thm t«ach«r to b« thought of «• th« «lrlln« atkirArdttsa, who 

r*«ds a prepared atatement from a plaatic card, or aa the pilot who 
Inproviaaa travelogues over the public addreaa ayatem? m^m the teacher 
an actor or actreaa, preaenting well-rehaarsed llnea ac^pted by aonte- 
one elae, or la the teacher an Improvlaer, responding in\a new and 
unique way to a new and unique challenge? 

, Every position, from one iextreitte to the other, has It^ advocates 
axtd Its critics. At least one a<>proach used successfully 'liV, the U.S^ 
uses some carefully sctipted episodes, combined with some' teachef 
decision making in response to student initiatives or other transient 
considerations . To continue this **dual" approach, and to make the. 
moat of it, more attention needs to bo paid to perfecting the scripted 
portions, and to helping teacher? find increasi^ly powerful ways of 
dealing with the "spontaneous" portions. 

' Somathing can be learned from Spviet practice. With all teachers 
in the nation using the same textbook, it becomes possible for the 
Soviets to give great attention to the "scrip tfd" part of the 
t;eacher*8 work. 

As an illustration of the relation between the *'scripted" and 
"apontaneous" components in teaching, the Madison Project developed 
the "pebbles-ln-the-ba'g" activity to introduce negative integers.' 
This was a carefully crafted and carefully tested activity. Intended . 
to be taught with careful fidelity to the "script" (Davis, 1967a, p. 
54); for thia activity, extensive teacher training was provided. 9ut 
the Project also assumed a largo component of flexible or spontaneous 
■tei^cher behavior; for this component, a different sort of teacher . 
education was provided. ® 

One can hardly imagine a U.S. curriculum that is uniform, nation- 
wide. In the Soviet fashion. Nonetheless, the opportunity that is 
thereby created for a large investment in teacher education is "very 
attractive. One has only to read Bantova (1971), Taruntaeva (1971), 
Pchelko (1971) , or Shepetov (1971) to see: bow great attention to 
detail is possible when one is dealing with a fully-scripted part of 
the teacher's job. These authors are "able to cite individual problems 
in the textbook by number, and can discuss ex;actly how problem number 
623 (say) is to be handled. Even the- title of the Shepetov essay is 
Indicative of the specificity of a priori determination in the Soviet 
curriculum: "Certain Features of the New Mathematics Textbook for the 
Fourth Grade." 

Thafle essays have the appearance of being genuinely helpful to 
teachers, and for that part of the teacher** job that is fully scripted, 
such help is clearly appropriate, and even fairly easy to provide. 

But the Soviets provide help also for the flexible or spontaneous 
part of the teacher's job. Consider, for exanpl«» the following: 
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A striving to avoid a preasntation of matarlal vhara evary- 
thing baginii with formal dafinitiona and is davalopad 
according to tha lava of logic ia claarly axpraaaad in tha 
taxtbook. In many cbbbm^ a practical problan a^rvaa as 
grounds for tha introduction of new aubjact matarial, and 
the problam helpa give an Idaa of the importanca of tha ^ 
nav.knovladga. The solution of such a problem serves as 
the basis for subsequent generalizations • There are e 
' fair number of examples of this; consider only the points 
devoted to the law? of arithmetic operationa,. The teacher , 
ahould not only support this methodological Affproach by 
using such problems for developing problem situations, but 
should show initiative, and this is even more true when 
there are many occasions for such investigatlona. For 
example » the textbook begins the presentation of the con- 
cept of percent in the traditional way — i.e., froU deter- 
9d.ning a percent — and there is not sufficient motivation 
for introducing this concept. Creative forces are also 
necessary in achieving the other object of problem teach- 
ing: the organization of independent student work 
controlled by the teacher and directed toward opening up 
new relationships and laws in the text material. (Shepetov, 
1971, p. 127) 

One should shor^n considerably the number of problems 
solved with written questions. In acquainting students 
with 1^ new type of problem, it is sufficient to solve 
three or four problems with a written formulation and 
resort later to written questions in cases where students 
have difficulties in their oral formulation. Then one 
need not regret time spent to solve the same problem by 
different methods, to work out . a given problem and solve 
ii^verse problems, to compare problems r:educing to the same 
relationahip, and, . after solving similar problems, to form 
a generalization and make up a formula for its solution. 
In a word, one should not regret time spent on anything 
that is associated with independent investigations of 
the pupils and on methods for solving a given problem. 
(Pchelko, 1970, p. 121) 

h 

The Soviet system of providing detailed help for teachers is 
extremely important^ A suggestion of how some of the advantages of 
this method could be achieved in the IJ.S. is given in the following 
sect ion « 

9v Alternative Pr^Jeots for A Unified Approach to Curriaulum 
Impvovement and Teacher Education 

To save time, let it be agreed from the outset that a single^ ^ 

uniform, nation-wide curriculum would be unacceptable in the U.S. 
(although the existing extent of diversity is not very great and 
often virtually indetec table) . One could incredse. the aaount of 
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diversity and alternatives — a daslrabla thing to do^ aa the gaii4tlc8 
of blologli^ally succaaaful apaclaa denanatrataa — and at tha aamet 
tliaa aatabllah within tha U.S. soma of tha Sovlat-^atyla advantages 
of helping teachera In highly ap«clflcvAya. Indeed^ tha U.S. was 
veil on Ita way to achieving thla a fev yeara ago^ Tt\e mathanlam 
waa aa followa (ve uiba^ ttie Madlaon Project aa an Uluat ration^ but • 
the eaaence of the.argumi|nt la that a rmltiplioity of such projects 
are needed; too few projecta would lead to an unacceptable monopoly): 

a) In trial teachings carefully "scripted** unite were developed^ 
refined 9 and tested. 

b) Procedures for handling the "flexible" or " spoilt aneous" or 
"reappnalvc" part of teaching were worked out » again using 
direct trials with students aa part of the dehign pr^oess 
itself (and NOT merely for testing after design work was 
done) . 

c) Typical clas||toom leseona were recorded on film or video- 
tape ^ so that other teachers could see for themselves 
exactly what was done, and exactly what tha reeulting 
outcome was. 

d) A large .teacher education program was set up^ In coopera- 
tion with the public school systems In Chicago^ San Diego 
County^ New York City , Loa Angelea^ Phil adelphia^ and 
elaewhere, that reached over 30^000 teachera* 

Thla program was achieving significant successes ^ but for varloua 
reasons It declined, both in size and In vigor, and no longer exists . 
as a large, coordinated program. While it did operate, however, > 
it addressed many of the probl^ems discussed in this chapter: by ^ 
developing materials directsLy in classroom teaching altuations, and 
NOT in separate writing session^, it main^iained effective contact 
with the reality "at the bottom of the ocean'* — i.e., where the 
students are; by recording typical lessons and typical student per- 
formance on film and videotape. It preserved ^ ^reat deal of depth, 
specificity, and (as Jerome JBrun^r pointed out) "immitatability" ; 
it ad4ressed both the "flexible" and the "scripted" parts gf the 
teacher's Job; and, in its large-scale teacher training program, 
because teachers WERE offering a comnon set of learning experiences, 
it enjoyed the advantage of a specificity and a concreteness not 
entirely unlike Soviet practice. ' ^ 

however, smaller versions of the program do continue, with undiminished 
vigor, as in the case of the special sumowr program offered by Uesleyan 
University 'in Mlddleto%m, Connecticut, in cooperation with the Associa- 
tion of Mathematics Teachers in New England « 

Soaie of the reasons for the decline were intrlntflc to the program, it iTklf. 
One ahould not, however, overlook the Influence of external influencea 
which were entirely unrelated to the program itself (cf. U.S. House of 
Representatives, Reports, 1975, 1976). 



What could maka thl« approach iccaptabla to U.S . co^laaguM >iould 
ba hewing a muttiplioity of auoh projiote, (Indaad, <!ftrrjdl4 fxlst - 
•uch a multiplicity: Bebarman'a UICSM Pro i act opfijji^d' iia. tHla way, 
as did Loman*s USMES Projact, among otharsf) Xl4sU]pi|>to»(^,h , addressed 
many aspects of the general problem of improving arii''iii»<i^i^ 
mathematics. It may still represent one of the 'baft ':][*> pll!^^ 
progress. /: ' 

The similarities and differences of U.S. and SdvleJi: experience in 
approaching t^he task of revlaing,. the schOQl matittfttiptias cttrriColum . 
can be a source of extremely valuable lnfoniiat4jpV and Insights. The 
U.S. experience by Itself has not been adequatbly 'Studied-rbut,' *g«ln, 
it may prove easier to study two nations to get h«i^, rather, than one by 
Itself. > ; . 



10. The E^pHoation of Alternative Belief Syetems \ ; 

Vor some teachers and some parents, "education** is a process of 
telling things to students, and somehow causing the, a^tudennrs to commit 
the things to memory. The "jthlngs" told may be "fait*";" or they tfHy 
be rote procedures (such as the long division algorithm). *»' 

For other teachers and other parenfs, "education" ^;ts sometblng 
entirely different. Consider, for example, the as^ttll^ns of ^he 
Soviet psychologist S. L. Rublnshteyn, paraphrased by tolua-Gold- 
berg as follows : ' ; 

.... during the transition from an act's connection with". ^ ' 
practical thinking to its association with theoretical \ . ^^^>^ 
thought, a re-orientatloh occurs <iurlng- the syateKiatltp < , 
teaching of sciences to school children. That is, pratjrr, • 
tical activity is an extremely important stimulus for the 
formation of thought. .. .The task confronting tKe 
educator is not only to communicate knowledge to his 
students, but [to] teach them to think. (Goldberg, 1978, 
p. 373) 



The point is that there are many different conceptualizattonii • 
of "learning," with different techniques for producing learfiing and 
different criteria, for determining when leaml|kg has occurred, .quiff ^ 
comparable to the situation of "electricity" ih Benjamin Frankllt^'s 
day, as reported by Kuhn (1962). Is the presence of "electricity" 
to be detected by attraction, or by repulsion, ot by sparks, or 'by 
magnetic effects, or by some combination of th|Bse? Is "learning";; 
to be detected by the student's ability to repeat back what he or ^ 
. ehe has. been told, or by the ability to relate new situatlona to 
certain fundaiaental idea's, or by the ability to uaa h«urlatics to 
cope with entirely new probleow. Or by soma cimbiiwtlon of thaee? 

Much of the controversy over the "return to basica" In U.S. 
schools Is Xn fact a confrontation between conflicting conceptuali- 
sations of "learning" amT "education." Unfortunately, far too 
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llttla has be«n dons to Idsntlfy and daacrlba — ^^axpllcata** la a good 
naBM for cha prqcaaa—tha varlaua altamatlyii .concaptualiitatlona of 
laamlng that ara promlnant lA^ tha U»S« today • But^ as Brunar haa 
ramarkWdi, **tha flah will ba tha laat to dlfcovar watar/* and It ^la 
probably aaalar to racogn^za viirloua tl.S. concaptuallxatlona vhila 
va are angagad In the task of Identifying Soviet conceptual Izatlpn^. 

Horeover, Sovla^t echolara aeeiit more lpcl4ned to try to Identify 
and compare alternative conceptuallzatlona. We have aeen aomethlng 

of Rublnahteyn- a position* Coni^lder^. jiov^ the following: 

In the Soviet psychology of teaching' and learning mathe- 
matics one can dlatlngulish two baalc* trenda pr ^achools. of 
thought* The first of these was created by N. A. Manehlh- , 
akaya, P. A. Shevarev and their atudents; the second vaa 
as tabllsHed by^ Ya. Galparln, n.r V. Talytlna, D, B. 
Elkonln, V» V> Davydov and their follovera. In the Soviet 
Unlon^ S» L. Rublnahteyn vaj4 a pioneer In formulating the 
theory that activity Is the determining factor in the 
ftinctlonlng and development of thought. The difference 
between Menchlnskaya and the Galperln schools consists in 
the different roeana each selects for concretising the unity 
of psychology and activity*. (Goldberg, 1978, pp, 374-5) 

To a diet ant observer, it seems that .there is strong disagreement 
between the Menchln^aya group and the Galperln schools Consider the 
following'^ ' ^ ^ 

At the present time, the approach to the learning process.' 
in, the Is characterized by three types of learn- 

ing. The following classification was suggested by 
Galperln^ himself: 

THE FIRST TYPE. The mastering of knowledge occurs 
spontaneously, and is an ungulded process. The formation 
of concepts and skills in acts proceeds according to 
trial and error. Prescribed conditions are insufficiently 
distinguished. Correct acts ape formed gradually by 
virtue of selection, which is controlled by a final 
reault. The transfer to new tasks is almost totally 
lacking. It should be noted that this type is, in fact, 
the one which was developed by the Menchlnskaya school. 

THE SECOND TYPE^ || student wprks under continuous 
supervision, receiving all the necessary instructions which 
will result In a cortact action or an act^^n with only minor 
errors. If new tasks have something in cooten ffith the 
tasks used during instruction, then a transfer of acts to 
the new tasks takes place.. This type was developed by 
Galperln and his follpwers.. 

^ TBE THIRD jZ7f^. Advantages are added to those of 
the second type of learning. Acts of the stiidetit^ formed 
without trial and ertor, occur under those conditions 
during which he not only is compelled to carry out precise 




Instructions «nd damands and must submit to ^hsm^ but also 
whan hs understands why those tastes ara causad. In tl^ls 
typa of learning the cognitive Interests and abilltlea^ of 
the students are brOadly developed, and a .generalized 
transfer of skills and abilities to new knowledge is 
obtelned. This type* of leariiing was proposed by Galperln 
as the perfection of his second type* It is being 
developed by both Wenchlnskaya^s and Galperln^s schools » / 
the latter apparently achieving more significant results* 
(Goldberg, 1978; p. 379) 



11 • Scm0 Points of Contact Betii)€en Soviet Studies and U. Math^matios 
Education ^' 

• 

In this section we look, very briefly, at six spiscific points 
of a()»ntact betweep Soviet studies and U.S. mathematics education. 
Another cautionary note is called for: this is being written at a 
quite considerable distance from the Soviet investigators, with the 
inevitable possibility of substantial misunderstandings and miscon- 
ceptions . 

a) ^Discovery teaching 

This hasi of course, been discussed wltbin the U.S. - 
(Shulmdff and Kelslar, 1966; Davis, 1967b), but mainly 
Ip an Inconclusive way. Sooner or IJB^ter^ further and 
more incisive discussion is needed. 

One finds points of contact in Soviet writing, as for example in 
the wor^ of Rublnshteyn ["psychological processes not only appear, 
but are formed, during activity" (Goldberg, 1978, p. 373) j . Such 
points appear perhaps especially in Rubipshteyn's careful description 
of one aspect of one version of "discovery" teaching: 

... For example, if a student cannot solve a problem 
, Without outside assistance, he should not be giveni^a pre- 
pared solution, but rather should be given tMe separate 
stages of analyses which, after employed, enable hlm'to 
proceed. This technique should be used by a teacher who 
wants to teach his s tridents how to think, and not just 
solve typical problems using a mass of prepared pii|9^rniAi. 
(Rublnshteyn, as reported in Goldberg, 1978, p. 374 

h) - The growth of cognitive structure in^ a student ^8 head (the 
^Jig-eatD pusnte theory ^^-^^£. Davis, 1972) . 

Rublnshteyn, again^ states: 

A child can master and use knovledga prasentttd to hla only 
If tha Inner conditions for their aasinilation and-ttae^ 
hava been well established in his thinkings * (Goldbergs 
19/8, p. 374) V 
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c) Interxriew atudiea 



5 ^ 



The case fpsr using interview" studies to map out a 
student's thlnlclng as he or she Aolves a mathematical 
problem Is beginning^ to become clearer Iq the U*S.; it 
has long been accepted in the U.S.S.R.: 

A new method of psychological research was created. 
Observation^ ^conversation^ and finally real eiqperl- :t . 
mentation came tlo be widely used. [around 19A0]... 
(Goldberg, 1978, p. 374) 

Even earlier than Rublnshteyn (who wrote in 1940)^ we of coui 
have work of Vygotsky In 1926: 

Vygotsky felt that it was essential to study 'ttift acts .of 
thinking in response to an instructional process. With 
his groups of associates, he researched the development 
^and mastery of scientific concepts by children ttt$ [that 
development] occurs during the learning process in 
school. This work demonstrated the Importance of a 
gradual creation of concept systems during instruction. 
(Goldberg;. 1978, p. 371) 

d) The teaching experiment ' - 

Within the U.S., optimal methods of using teaching 
situations for the design and development of new learning 
experiences or teachlhg units are still matters of dis- 
agreement and uncertainty i There is an obvious value in 
learning more about the Soviet "tCjaching experiments.** 

e) Cognitive procfesses in algebra and geometry 

The Menchlnskaya conceptualization of infooaation pro- 
cessing involved in thinking About polynomials (Goldberg,^ 
1978, p. 375> can be related to a similar^ but different^ \ 
conceptualization presented In Davis, Jockusch^ and McKnlght 
(1978). 

Even more clearly, cf . <the Galperin conceptualization: 



The subject's activity serves as the initial basis for 
the formation of mental acts. ' The formation of mental acts^ 
begins with preliminary acquaintance with the demands and 
conditions which ought to answer the acts. The act» thejci, 
takes place with external objects, as in the case where a 
calculation is made with the assistance of concrete objects. 
Here» the act process under the control of the things th 
selves, and the content of the future mental act Is formed « 
Further, verbalization occurs, for example* calculation 
aloud«. Action with objects passes, i*e«» is tranftfomed^ 
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Into actions with concepts. Finally the action evolves Into 
a mental plan, acquiring the traits of the Inner cognitive 
process. (Goldberg. 1978, p. 377) 

This bears an evident relation to the development of "Integrated 
procedures" and "meta-^language," as described In Davis, Jockuach^ apd 
McKnlght (1978) and Davis and McKnlght (1979), Including, the Newell 
Conjecture. 

f) Uses of mdthematias 

The Importance of learning mathematics In a context of 
using It^ as dey^^loped by such persons as Edith Biggs, David 
Page, and Seymour Papert, Is a major^ theme within the U.S. 
An apparently similar position among Sbvlet psychologists 
has been stated by Galperln: 

Galperln and hds followers maintain that without the appli- 
cation of knowledge. Its mastery Is Impossible* Application 
of knowledge Is the basic means of mastering [the Knowledge], 
not the concluding stage. There Is no knowledge until It Is 
applied. Knowledge is acquired in the process of the 
student's activity. (Goldberg, 1978, p. 378) 

Galperln 's statements are very close to the statements of Biggs » 
Papert, and Marlon Walter. Continuing: 

The problem of instruction consists not in teaching how to 
^ apply abstract information In practice, but in showing how 
abstract knowledge is built on concrete content .Through 
practical and mental acts the student discovers the essence 
< of the phenomena and masters the associated concepts, 
(Goldberg, 1978, pp. 378-9) 

To be sure, there are some major unanswered questions in the 
area. In using Dienes* MAB blocks to teach place-value numerals, 
one "goes from the concrete to the abstract'* and Galperln 's des- 
cription seen^s entirely applicable, but this becomes less clear in 
more complicated cases. Thefe is the fur tlier* quest i<jn of whether a 
sizeable multiplicity of 41fferent "concrete embodiments" 1^ p refer-- 
able to one main concrete embodiment. 

.■ » 

'* ■ * 

12. A Third Methodology 

The traditional U.S. methodology for educational research has 
been, as we have argued above, a relatively remote methodology, rely~ 
log on questionnaires, multiple-choice tests, statistical analysis^ 
and an emphasis on "product" rather thto "process*" The limitation* 
«£ this method are coming increasingly to be recognised (of.,' e.g,, 
Ginsburg, 1972), as the remarks in Knitetsld.! (1976) itake especially 
aear.^ . V ' 
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Plagftt*8 "clinical interview" methodology has provided a welcome 
and important alternative of a radically different type, relying on a 
very email number of children (sometimes only three) » not at all 
randomly selected, on the presumption that when profound matters are 
clearly observed and described in the case of a very f#w children, 
there will be relevance to all children — a relevance guaranteed, not 
by sampling procedures or sample size, but rather by the fundamenta'l 
nature of the phenomena th^selvea, Piaget has provided evidence on 
this; his main results are indeed universal. 

While it is in no way Piaget^s fault, the '^lagetiatT alternative" 
that has .evolved in the U.S. has developed its own liabilities. For 
one thing, the fundamentals studied by Piaget are relatively remote 
from typical "school--type" tasks, such as the long division algorithm 
or the solution of word problems. But more seriously, as Papert has 
pointed out, the implications of Piaget*s results have tended* to be 
reversed in American analysis. Whereas Piaget in fact identified 
fundamental cognitive abilities that children develop, even in the 
abaenae of format inetvuotiony and which provide a foundation for 
school learning, the popular U.S. interpretation reverses this, and 
contends that Piaget found limitations on a xhlld's "readiness," 
barriers to what a child is ready to learn. The Soviets reject this 
re-lnterpretatlon of Piaget, and argue — as, for example, Davydov does 
— that young children are in fact"^ able to learn far more mathematics 
than was previously thought possible, and mor« abstraot mathematics 
at that. 

# 

But beyond discussions pro and con^^ Soviet practice in ueing 
Bohoot -related tasks in task-based interviews demonstrates a third 
possible methodology that is a valuable addition to the typical 
U.S. abstract/ statistical methodology and the typical Piagetian 
methodology. 

13. The Ability of Children y 

' * # 

One of the most stable discoyetles of the past tweiity years has 
been the repeated demonstrations, i)y many different researchers, that 
very large numbers of' children tan learn fcortsiderably more mathe- 
matics .thatx used to be* thought possible. This has been deroonlitrated 
in California by William Johntz (1975), In Florida by Burt Kaufman, 
in Maryland by Julian Stanley (1977), in Massachuset:ts by David P^ge, 
nation-wide by the C.E..E.B. Advanced Placement progralb, and else- 
where by other investigators (cf. David, Jockiisch, and McICnight, 
1978, pp. 259-269). In the Soviet Union exactly the same discovery 
is reported by Davydov, 5 by Vogeli (1971), and by others, and is 



B» Elkonin and V. V. Davydov organized a broad, psychological- 
pedagogical experiment of several years duration which involved many 
\teachers and students. The tuii^ic conclusions of this work led to a 
fundamental re-examination of the mathematics^urrlculum which took 
place In the lower grades. As ^ resblt of the investigation, it was 
concluded t|iat younger school chi^ldren ^are more advanced in: the areas 
of abatract and theoretical thought thamhad been previously realised, 
and^a new mathematics curriculum waa designed on^^ the basis of these 
investigations.** (Goldberg, 1978, p* 388) 



Indicated by the new Soviet textbooke (cf.» ^•g.t KcTlroogorof^ et al.» 
1975) » "special achoola," and elective nathematlce coursea. 

But the larger quMtion ia uruxnmJered: ue hav0 nc^t yet found' 
effective ways to huxld on this usually undeveloped ability of 
students in Days that can benefit society and the individuals 
ihemselves. 



14. Design 

String quartets must be composed; plays and novels muat be 
written; automobiles and airplanes must be designed. Effective 
learning experiences must also be <i0aT^tfci-----but in education, dedlgft 
is the dog that neve if barked. While great attention is devoted to 
evaluation^ virtually no effort within education is devoted to design. 
Here, again, what has been insignif icant;--or nonexistent — in one. 
country may become important' when two countries are to be considered, 
(Besides, the Soviets write and talk much more about questions of 
educational design — and when you are designing a nation-wide program ^ 
for all of the U.S.S.R., perhaps you had better!) 



15. Refuting the ^^Linear^^ Assvarrption 

In recent years one has occasionally heard, in the U.S., the 
idea that there is a "standard" sequence for research and develop- 
ment: first one does research » then one refines and revises the 
results of the research, then these results become the basis for 
'•development" work, then these products are evaluated, then revised, 
then re-evaluated, and finally disseminated. - 

This theory is contrary to history. * 

In fact, there is no "standard" sequence • Perhaps more often 
than not one starts with development and implementation — with 
routine practice and daily work. This has been the case with beer, 
glaas^ pain-killers, metallurgy, thermodynamics, wltl^e-making , 
navigation,' the building of the great cathedi^alaj^'^ Roman plumbing,^ 
astrology/astronomy, surgery, acupuncture, andi the curing of leather, 
to name just a few familiar examples. 

\ 

In this matter, it appears that Soviet practice in educational 
research has been closer to the common successful patterns of the 
history of science and technology, starting (as they often do) with 
observation^ interviews, descriptiony and their well--known ^(btit, in 
th^'U.S., not clearly understood) "teaching experiments •" (Goldberg 
attributes much of this to the Influence of Rubintthteyn in thm early 
part of the twentieth century.) ^ 

Adherence to the "linear" pattern in the United States inevit- 
ably constitutes a pressure toward abstract, academie' research, 
toward lafck of adequate contact wlthlt^^ity, towt^rd neglect of 
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that which !• subtle^ profound^ elualve^ or « matter of art — In a 
phraaa^ toward "^college profasaors writing for othar collaga pro- 
faaaors^** naglectlng tha practltionara* axpartiae of taachara^ and 
ignoring tha children vhoaa claaa^ote and Uvea remain untouched 
••on tha ocean floor.*' It la important to develop a recognition of 
where research really starts, which can be almost anywh^r^ that 
people deal thoughtfully with important questions. 

^ 

7 

16. Refuting the Misuse of Tests 

* 

Within the U.S. it la coramcynly believed that objective tests are 
the beat aource of **hard data,'* This is clearly not the caae» aa 
anyone can see if they will look directly^ at achoola and children. 
Recently y there have begun to appear some Well -reasoned attacks on 
the typical assumptions and typical practices of **^:esting»** **rapaaur- 
ing,*' and **evaluating." Particularly worthy of attention are fianesh 
Hoffman's The Tyranny of Teeting^ (1962); **The Score Against I.Q.** and 
other articles by Morrison and Zacharias, Whitla and Whitla, Schwartz, 
Taylor, and Perrone in The Myth of Meaaujt^ility (Houts^N 1977). It is 
of course, hard to Improve much'on Krutetskii*s extremely acctirate, 
and extremely negative, analysis, some of which is quoted elswhere 
in these chapters (Krutetskii, ' 1976) . 

The present use of tests in the United States does not have a ^ 
aqientif ic basis [Morrison (1977) discusses this with his usual cfcm- 
bination of scientific sophistication an4 expository skill], it does 
have many harmful consequences and Implibations, and it is based on 
an essential circularity. Alternatives (aa Perrone points out) do 
exist or can be created. 

The moment that one looks carefully at individual test items, or 
at typical conditions of test administration, or at the underlying 
philosophical justifications, or (as hforrison points out) at the 
important contributions made by innumerable valuable people who **test 
badly*' ("make low scores on the tests**), it becomes apparent that 
tasta ore NOT giving us meaningful ^^hard data'^ at all. They are 
giving us numbers with all the slmplidity and apparent precision 
that numbers imply^ — at least emotionally. But numbers ^re not auto- 
matically descriptive of much of anything, howevfrr much they may seem 
to be. / 

Much could be gained if the role of teats in the United Statea 
could be appropriately circumscribed. They aim do ^ome things, but 
far lass than they are usually presumed to be capable of doing* Here 
la' a aituation — as ^Krutetskii ^kes clear — where Soviet commentary 
and Soviet practice can help a great deal. 

17. Is Sohool Mathematios Really Mathematitjs? 

Krutetskii pursues an intereating diacuaaion: Xm achool mathe- 
matics a rote process, preliminary to the study of '^realU^ctcatlve) 
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th«Batlca» or 1» achool Mth«Mtic» « true part of real, credtlva 
thamatlca? v 

Bafora daf Ining tha basic concapta with which wa ahall ba 
concamad^ wa muat no ta that mathematicill ability can find 
axpraaaion at quite dlffarant lavela of activity. Wa ahall 
traat tha concept of mathematical ability in two aapecta: 

1. Aa creative (scientific) ability—ability JLn scientific 
mathematical activity, which yields new raaulta or achieve-- 
ments that "fere significant for humanity, a product tt^at is 
valuable in social terms. 

2. As school ability—ability in the study (learning, ^ 
mastery) of mathematics (in this caac, the school mathe- 
matics course), in the rapid an<J succeasful mastery of 
appropriate in/ormatlon and skills. 

Both paycholojy[ists and mathematics usually distinguish 
these two levels. 

The question arises: Can abilities for mastering 
mathematics be regarded (and under what conditions) at a 
least to some extent as a manifestation of genuine mathe- 
matical ability, in the proper sense of the word (s9len- 
tifically creativ^? Or are they such different categories 
that when the former are manifested it is absolutely 
impossible to say anything^ about the potential future 
appearance of the latter? When we atudy abilities lor 
mastering mathematics, can we believe that to some extent,, 
within certain limits, we are studying mat heniat leal 
ability properly speaking? 

Some psycMblogiats (especially foreign ones) are ^ 
Inclined to make a sharp distlnctipn between these two 
levels of mathematical ability, and thus ;tf one looks at 
achievement at the first level one^can conclude UQthing 
with confidence about achievement at the secotid level — 

s 

To us, the difference betwisen the two levels of 
activity does not s6em absolute. In studying school- 
children's mathematical abilities, we have in mind not 
simply their educabillty* Our study will Indeed •concern 
the pupils* school abilities, but creative school sbili- V 
ties, related to ati independent creative mastery of mathe- 
matics under the conditions of school Instruction, to ,the 
independent formulation qf solving these problems, to th^ 
' invention of proofs of theorems, to the independent deduc- 
tion of formulas, and td finding original methods of 
solving non-stanUard problems. All of this undoubtedly 
is also a manifestation of mathematical creativity. If 
the presence of a creative principle is a criterion for 
Mtlieaatlcal thinking proper, we must not forget that 
matlisawtlcal creativity can be not only objective h^t 
subjective. Establishing specific criteria to differen- 
' tlete the creative thought process from the uncreative, 
A. Newell, J. C. Shaw, and H. A. Simon note the following 
indications of creative thinking: (1) the product of 
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Miital activity hmm ttovelty and valua both aubjactlvfily . 
and objactlvely; (2) the thinking procasa la alao npv#l 
In that it requires a tranafomatlon of previoualy 
accepted ideaa or a denial of them; (3) the thinking 
procesa la characterised by the preaence of atrong * 
m>ciyation and atabiXlty, obaervable either over a 
conaiderable period of time or with great intenaity* 

If ve proceed from theae criteria (which Vai believe 
to be yalid) ^ then many mathematically gifted children 
denK>natrate a kind of Creative mathematical thought. 
Anticipating somewhat;., we might point out that aoaie of 
the gifted pupils we studied literally "dlacovered*' for 
themaelyea individual sections of the school couree in 
algebra and geometry. They were dii^overlng what had 
Ipng been well known. Tlie product of their creativity 
had no objective value , but for the pupila themselves 
(aubjectlvely) , it was doubtleaa a dlacovery, an Inven- 
tlon* an Independent achievement of something new. In 
a certain aense, this activity moat certainly la part 
at mathematical creativity. The rediscovery of what was 
known can be creativity, and subjectively the product 
can be ^new and original — as Newell, Shaw, and Simon 
emphasize. R. Carpenter makes the same observation: 
that tba product can ectlvely uncreatlve but the 

process still be creative. 

Thus we can affirm that there is a definite connec- 
tion between, the two levels of mathematiaal ability. 
Hadaoiard aaaerts that there is only a difference in 
degree or level between the wprk'of a pupil who is 
trying to solve algebra and geometry problems and the 
work of a discoverer In mathematics — both kinds of work 
are similar in nature. Kovalev and Myaslshch^v discuss 
the idea that these two levels '^are joined by a genetic 
bond* Under favorable conditions of formation, the 
abilities of a pupil -mathematician become the abilities 
of a real scientist." Yu A. Samarln shares this point 
of view. 

ThuSy wc( believe that the question whether abilities 
for learning mathev^tlcs can be regarded as a manifesta- 
tion of mathematical ability in the proper sense of the 
word should 'be answered affirmatively*. A thorough^ 
Independent y and creative study of matbamatlcs is a 
prerequisite for developing an ability for' creative 
mathematical activity — for ths independent formulation 
and solution of problems that have new socially slgnlfit:ant 
content. Precisely for this reason an investigation of 
schoolchildren *s matphematical abilities is the first step ' 
on the way to a study 6t mathematical ability In Its higher 
manlfas tat ions* (Krutetskii^ 1976^ pp. 68-69) 
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Thm two positions b«lng argued here represent » In fact* two 
essentially different conceptualizations of taathematlcs education. 
The distinction Is an Important one, and needs further discussion 
In the United States — \jopefully In ways that will reach teachers, 
parents, and students. Entirely different programs of school 
mathematics will be designed, depending upon which view one takes • ' 
If pre--college mathematics Is a rote precursor of "real" mathe-^ 
oAtlcs, then the old piiraphernalla of flash-cards, memorization^ 
and drlll-^perhapa modernized with the aid of computers— becomes 
appropriate • But If pre-college mathematics Is a genuine part of 
"rea*" mathematics. If students need creative e^erleilices In 
mathematics from an early age, then programis such as David ..Page's 
and the Madison Project become desirable or even nacesaain^. 



18. Dietinctive Soviet Praotidms: The ^Collectives 

Obviously, an opportunity for study exists wherever Soviet 
practil^ces are substantially different from those In the United 
States. Particularly Important among these is the use of "the 
cpllectlvte" — essentially, collective responsibility for the per-- 
formance of an individual. Thus, a definite group of students is 
responsible for the behavior and achievement of each individual 
student who is a member of this group. This is a very conspic- 
uous feature of Soviet education, 

U.S. practice has 'tended in an opposite direction, toward more 
complete individualization, often with each student working! alone. 
A growing number of U.sl teachers are beginning to complain that 
something is lost in the process of individualization — there is no 
longer pride in group membership, no longer the feeling that "one 
has ^o hold. up one's end" as a "member of the team." This may well 
be an important phenomenon that has hardly been studied at all. 
Many U.S. teachers and many U,S. schools do NOT make use of "being 
%^on the team" in academic matters, although the majority probably do 
In relation to football, basketball, and other athletic activities. 
However, for that minority of schools and teachers who do try tt> 
use pride in "being, on the team" as a source of achievement motiva- 
tion in academic work, the trend toward individualized study has 
usually been seen as a potentially serious loss. (A perticularly 
promising program developed by Layman Allen, and demonstrated Itl 
the Detroit schools, has not attracted the attention that it 
deserves.) V. 

The whole area of group cooperation and group responsibility 
deserves more serious stqdy. This cannot be undertaken lightly — 
one can have pride in "bein^ a Marine" (to cite a familiar U.S. 
example) only beoauee this 15 seen as a matter for pride in the 
relevant ciralee. In shert, for group responsibility and tmem 
performance to be effective, one must really believe in it. It 
is probably NOT useful to try to pretend. 
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19 • Pioneer Palaoee 

Another distinctive Soviet practice ie the cttifiblning of what»* 
in the U.S., might appear as Boy Scouts, Girl "Scouts, museume, zo6s, 
the YMCA and YWCA, the Little League, Hebrew lessona^ private pl4no 
and ballet lessons, af ter-sqhool clubs in journalism or computers, * 
the Future Farmers of America, and so on, into a alngle institution^ 
the Pioneer Palace. In the U.S.S.R. this Is, in effect, a second 
kind of ''school system," entirely separate from the regular academic 
school. From, say, 8 a.m. to 3 p';ro., Soviet children attend the 
regular academic school, ,wher/i they study the Russian language, 
Russian literature, mathematics^ English, physics^ chemistry, 
Russl9 history, world history, geography, bio logy » etc« Thiii is 
±t\ fact: a highly academic school. From about 3 p.m. td perhaps 
s^6 p.m., Russian children attend the Pioneer Pataoe, yhere they study 
ballet; serve as zoo keepers for their o%m animal collection; study 
interior decoration and cooking; have a model railroad club, a 
model airplane club, and a computer c4.ub; have a club that corres- 
ponds in English with children in other nations; and so,, on. 

The Pioneer Palaces are Important for several reasons. As 
independent institutions, NOT part of the regular school system, 
they provide what In effect amounts to the ^eater control that 
is possible when you have two independent variables Instead of 
one» While, for example, the Soviets have chosen to move slowly 
on the introduction of computers into the regular school program, 
because — since there Is a single nation-wide program for alt 
schools in the entire U.S.S.R. — the vast slie of the venture 
demands slow and careful Innovation, it has been possible to move 
very quickly to Introduce computer clubs Into Pioneer Palaces. 
Moreover, the training of staff at Pioneer Palaces is different, 
so that one is not locked into a single ponderous system of teacher 
education, teacher ci»rtif icatloni^ etc. In effect, the Sbviets haVe 
the advantage of competition — there are two aeparate, and poten- 
tially competing, school systems, not invisibly linked by a single 
system of teacher education and certification. 

A 

Some of these advantages could be 4^chleved in the U.S.; for 
example, by introducing **computer science** clubs and programs into 
museums. Boy Scouts, Girl Scouts, ap4 other agenc;les. *Some very 
successful beginnings in this direction already exist. 

20.^ Soviet Examinations 

^ gimeral consideration of Soviet , mathematics fitducatlon would 
be complete without looking^ at least briefly, at the surprising^ , 
phenomenon of Soviet written examinations. By U.S. etcfndca^, 
Soviet examinatione are remarkably — almost unbelievcifly-rdifficutt. 

^ Fox^adinisslon to Moscow State Univerelty, to study phys.;Lca^^ 
studehtji had to demonsf^raibe their ability on a test that (in ,1.96^ 
included these questioAe (which are fairly typical of SoViet eixame): 
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Solve thtt Inequality ^ 
log, X + log^ \ < <log5^) (2 - log3^) 

• 

TVo teams of checker players A and ineet. According to 
the contest niles^ each participant of one team^ plays one 
game with each participant of the other team. The total 
number of games tp be played Is A times greater tha|i the 
number of all players on both teams. Due to Illness^ 
hovever^ two play/trs (one oh eacb team) could not appeer 
In the match» with the result that the number of all games 
played In the match was 17 less than Intended. How many 
players entered the match for team A If It is known that 
there were less players In team A than In team B^? 

Solve the equation ^ 

(sin x) (cos - 2 sin x) + cos x (1 + sln j 2 cos x) - 0. 



TVo circles tangeht to one another are Inscribed in angle, a. 
Determine the ratio of the radius of the smeller circle to, 
the radius of a third circle yhlch Is tangent to the first; 
two and one of the sides of the an^le. 

A certain quantity of brick must be moved at a construction 
slte« At the disposal of the builders there are three forlc- 
lift trucks with load capacities of 100 kg, for the first, 
200 kg. for the second, and 30Q kg. for the third. ■ A 
quarter of all the brick was carried^in nine loads on one 
of the forklift trucks. Then 10 more trips were made on 
another truck. After this,- one-third of the initial quan- 
tity of brick remained to be carried. After, all the brick . 
had been moved, it turned out that in the entire ttx>ving 
process the third trucic made two times as many^ trips as the 
second. In the moves the trucks were loaded to full capa«- 
city. How many trips did each of the three forklift trucks 
make? 

Solve tJKe inequality^ 

An airplane makma f l«iid;Lng iand' jaove* unlforaly' along tha^ ' 
gicound f6t aicertn^Q tlioa with the yalocdty vn^/skc, Ih*n 
thif pilot appldes thf bi>ak«a and tha notion of tha ^Ircrfift 
bacoaaa uniformly <lacalerating auch that lit' aach ««<»>ti4 t)^ 
valoClty raduciTa by 2 m./aac. Tha diat«ttc« ^^ra« tKa point o^ 
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landing to the point of complete atop is equal to 4 km. 
The ratio of the time In which the alrctaft covers the 
.•fflrst 400 m. to the time in which the aircraf t^?^ coyera 
i the entire distance along the gi^und is equal to Zm.. 
! Determine the velocity v. 



21. A Faster Paae 




The pace of mathe^tica instruction irf U.S. schools is, typically, 
almost unbelievably slow. We have observed a A5-oinute lesson » taught 
- to abov^-average students, that consisted bnly of problems of the type 

• - [Ans.: x^] 

10 2 , r* 12, 

p^" • p - [Ans. : p J 

and so on. It turned out that this was the eeoond of two lessons 
taught to this class in this form. ' 

Now, for some conceptualizations of what nusithematlcs learning 
really is, this snail !s pace makes sense: If learning mathematics 
is nothing but the creation of simple stimulus-response ("SR") bonds, 
and if one always wants the stimulus • /• 

to evoke the resins e 5 , 

th^n (to some extent, at least) the practice makes sense. But this 
conceptualization is defective. 

For one thing, the range of relevant^ tlmull is very large. It* 
Includes 



vend 



(x^ + ir^ (x^ + 



2 log sin x + 3 log sin x 



amon^x many" others.' (Menchlnskaya deals wit Iv this: cf. Goldberg, 
1978, V. 275.) But further, as Bruner points out, one of the goals 
of education is to produce an educated person who is not bound to a 
uptlque, mkchlne-llke response to a given situation, but who has a 
brbad eno^jti repertoire of possible behaviors, to be able to produce 
A variety olf responses, and who has access to sufficiently funda- 
bsrutal toowled^e so that his or her responses can have an authorl- 
; tatlve correctiite>is In addition to an (at least <9ccaalonal) surprising 
vfwvelty/ This c3,early applies to architecture, and Is a viajor part 
ot B««tho\Di»n's sfi^iial genius in musical compos It ion^-ibut: it aleo 
>li^eJB to maiihgma^^ 

\ lUsutbQ Suzuki, ^ti^n 13 years 914, knew the Archimedean Postulate 
in the form ;v - ^ ' 
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If a and h are any poaltlve numbers « 

than there exists a positive Integer 
N such that 
aH > b. 

She was asked to prove that, iox any e > 0^ there exists a positive 
Integer N such that ^ > ^ provided n > N. She solved this problem 
with apparent ease— ^Dut notloe that acme sxirfTiaing ohangee Of form 
are required in order to aooompliah this. Thia la NOT a case where 
single, "automatic^* responses are called for. You rrtuBt be prepared 
to try something orig^inal and highly imaginatiue ict^ Davis ^ Jockusch, 
and McKnlght, 1978, p. 90). Kazuko attended a spefilal school, not 
typical of U.S. higl) schools. In a more typical^hool she would not 
have encountered a task bf this .subtlety. ' - 



The point, however. Is that two 45-mlnute periods ^re far top 
much time to devote to problems of the single type x^ • - . The 
pace of mathematical- Instruction In Soviet schools seems to be more 
rapid, fhls should be of real Interest to ^ucators In the United 
States. 



2Z. Residential Schools 

» 

The Soviets operate residential high schools for mathematically 
gifted students (Vogeli, 19(^8). This Is a more serloils provision for 
mathematically gifted Itudents than any that presently operates In 
the United States. This calls, at the very leasts ( for study — and 
probably for some reflective thought. 

' — ^ if 

A particularly^ Impolrtant aspect of these schools Is that they are 
owned and operated by liberal arts university mathematics departments. 
We return to this point Delow. ^ 



23* Hiah Schools for Computer Scientists 

Vogeli (1968) describes special Soviet high schools for computer 
scientists. Vogeli also Mllscusses patent^al concern that these schools 
would shanghlii students into Immediate employment 1^ low-level jobs, 
when these students would be better off to continue a' longeir period 
of study, leadixig to higher level ^employment In. the broiul araa of 
computer scii)in(^. 

The ii(i«d to .try to reduce the munber of years of etudy required, 
for various prpfestijlons is ol.ee^» tuk the Newmen. report pointed out a 
decade ago* Spne persori^^l experience ia releyant here. The author 
worka for tb* PLATO computer project at the xUniveraity of Illinois 
(actufiiy; "fc^Iji;*," for Compute r-Baied Education. R|Miearch Laboratory) . 
Tt^u is probably the large8|: computer aysten^in th% world devoted 
entirely ^o' helping, jttudei^ts learn (and NOT. to- keeping office records* 
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«tc.). A gr«at. deal of valuabl* computur programming at CEKL la done 
by •cudencs in Junior and eenlor high school , 9etm of thes as young 
as 12 year a old. Much of this ia very copnplax, high-caliber, pro- 
feaaional work. Adivielop of CEBL personnel Into stronger and 
weaker ptogramners would find quite a few adults itt^ tthW/'weeker" 
category, and quite a few high school students near ti|ie^o0 in the ^ 
"stronger" category. 

J^ere Is, then, some realistic possibility of pitofeasionally uae- 
plojrment of teenagers in jobs ^hat should pay reasonably well 
(although at present they oftten pay'^othlhg at all, because of child „ 
labor laws) . At the very least, some sorts of "apprenAceship" pro- 
grams could be created. Without .denying the dt^pth of study that can 
and should be undertaken by many students, lt-doe» -lOot seem desir- 
able to devote the first third, or thereabouts, of a person's life 
to study, perhaps through a fh.D. or post-doctoral study, before the 
person begins to earn money from any .significant professional work. 
Alternative arrangements oan be created, and ere needed. (In some-. 
,^ew individual cases, thiA happens already, as in/ the case of the 
students who work at CERL.) \ 



24. . Cori^sppndenae Sahoota 

At the pre-co liege level, the Soviets also operate some oOrreepon- 
dertaa Bchoota. and some part- time evaning eohooZe, These provide more 
advanced studies in mathematics and/or c<)|||i>uters . Similar arrang^i- 
oients— or alternative arrangements to serve the same goal— could be 
v|iluable in\he United States, an^ not Just in mathematics. How can 
we offer courses in Russian, in Jepanea*, or in Mandarin to high 
school students in the U.S.? Not as part of regular school programs, 
^n most cases — but perhaps as special i^ummer programs, again operdt»- ; 
ing on a residential basis for six or eight weekA? Still other 
arrangements ate possible. (In' Maryland, Julian Staftley has made :^ 
imaginative use of special arrangements to providii programs for 
mathematically gifted hijgh school students.) For relevant Soviet 
work, see Vogeli (1968), Vasil'ev et al. (1971), and Glagoleva and 
Gutenmakher (1971). ^ 

.25. Programe for Gifted Students 

Comparison of Soviet^and U.S. prograAs for gifted students, and ^ 
epeoifiaalty for mathematioally gifted students, leads to the unmis- " 
takable conclusion that the U.S. is falling to provide serioue programs 
for mathematically shifted young people. VJhat is done in the U.S. has. 
In most cases, the clear appearance ,of tolj^nism— something 1» done, - 
but it is too little or too haphasard or too l«9kadalsical to make ai|y 
real difference in the lives of the students (cf., e.g., Suppes, .1977). 
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26. Th« Sooial Meaning of "Diaoovevy Teething'* 

- ■' • \ • . ' ^ • 

In the U.S. during the 19608, when there iima lively interest 
in •Mlecovery teaching" and 'Mlecovery learning^" some pro-<Iiscov*ry 
teachers felt that one essential aspect was that eao1\ atudBrit paPti' ^ 
aipated in group diaauaeione during which SOME Bti4dent8 disaoveisQd ^ . 
deriqin patterns ^ foots, or methodbi. This group discussion *ras^ 
itself an Important social reality. At- the beginning of a tyjplcal 
sessiont a problem would be po'sed, and it woul4 usually be apparent 
to everyone that no student In the group kxiey how to solve the prob- 
lem»-or even how to approach it. But the discussion would moy^ on. 
Possible^ lines of attack would be suggested, and would be analyzed^ _ 
criticized/ modified, perhaps rejected. Gradually, however^ suit- 
able meanc|-^of dealing with the problem would take shape. In one such' 
lesson, recorded on film, the key "break-through" ideas were con-, 
tribnted by a boy named Lex and a girl named Debbie. Not every 
sttident rtiiude the key "discoveries'^ — but every student Woe present 
and lixfbd through tke experience of betHg in the group when ^bfi^ 
Qebbie^made -^e key discoveries, ofW they , all jreaogniwd wh(Xt had 
Happened. ^ , \ ' 

This, some diBach^ers felt, must inevitably affe^^t the way all ol 
the students perceive mathematics — it is something that you can think . 
about. Appropriate methqds can be dtsoqvered^hebanse^ af ter ^all, . 
every student had seen Lex^ and Debbie mdf& the di^ooveriee. 

This raises a question: is this the kifid of thing that Vygotsky 
had in mind, when he' a^id,, that "all specif ipally mediated human mental 
processes arise only In the course of so cj^jtfi^f activity^ i^n the proclflfii 
of cooper iit ion and social intercourse"??-^ Giv«^n the vei^y Gonaid^rable 
hazards of RiissianT-Engllsh translation, it is not at all easy tQ 
arrive at am answer to this question. , . 

Nonetheless^ ' the general impression that;- one gets from much of 
the Soviet j^ter a tur^'ljs a view similar to U-.S* curriculum, pro J e<iti 
of the 196b'd.^an^o U]s. Cognitive studlea in, th<1970's: mdthe 
matlcs is compli^ and. creative; subtie^aspBcta are important; actua 
thought processes are importkht, and^di|:^fer frGp one child to 
another (although there are important underlying patterns) r 
"discovery learning,^' under •appropriate conditions* ls;highly 
desirable; an elaborate pattern of ideas must hfi built up^ in a 
child •s head, and only the child can build It; ±1^ i^a the teacheir^s - \ 
job « to help the child to build up this elaboratfi structure of inter- 
related /ideas, and to help the child' correct the e^t^^u^Unire Whenever 
it Is fbund to Ike in error. ^ ' > 

^ V\%m has a very familiar, and very welcomed, eound to oteny ^the- ^ 
matlcs education snecialists In the' United States • ^ btitt^onoe 
agaln» giv^n t|^e difficulties oi translaltion f vom^Rtfseian to English^ ^ 
^and^ given our^spArse sample jof |^ource. materlale» it tsay ell be a 
pleasafit illusion, a comfertable mlsunders tend l^g» and nothfjig morm. 
We shatll n^ed to 9.tu4y far more of Soviet reseptch, and to have avail** 
liible nore gbod translatipns^ • before %^ can decide « ' / \ 




10 . / ' * 

^CF/ Chapter VI of the present: report. 
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27. Vho Should Do R and D? 

• Th« history of education in the U.S. shovs the gradual creation 
of a separj^te Institution* with a separate cadre of profeaaionals, to 
proVlde for the pre-college education of young people. The degree 
of aeparatlon has, over the past hundred years 6r so, become extreme 
(cf., e.g., Crertin, 1961). It is of ten. believed that this very 
d^i^ree of separateness in itself constitutes , a liability, and con- 
siderable evidence can be found to support this view. But how can 
the separateness be overcomja? Many who' now stand outside of educa- 
tioii must become involved in it', and in gen,uinely si'gnif leant ways. 
An Amerfcan cannot help but be iapreased by Sovi«^t uniyer8ltie8--and 
Mathematics degartmeht^s , not schools of education-'-opcrating corres- 
pondftrice schools, part-time schools, or residential schools for 
gifted students. Or by Kolmogorof f ^.serving as principal of one of 
these special high schools, of being listed as one of the authors 
of pre-college textbooks. 

The Pidneer Palaces. also foCTn a link between the education of 
young Jpeople and the larger society, with scientists and admlnistra- 
toriPtaking time off froin their Jobs to contribute i^irectly to pre- 
college education (Johntz's Project S.E.E.D. has *Lso arranged this , 
op( Q^ccasion, within the U.S.)i - . ^ 

A decade or two ago the demands of the computer Industry, the 
denkandii of the vast space effort, and' the expansion of higher' educa- 
tioh within the U.S. pulled mathematically talented peoplej 
Irresistably away from work with pre-college. students^ ' Employment 
of mathematically trained people is now lagging, and hence an oppor>- 
tunity Exists in the U.S;, Mso, to get many more mathematically 
skilled people involved dirtfctly lit p^e-college education. But, of 
course, some sort of national movement to accdppHsli this might speed- 
the process considerably. In the 1950^ s and 1960'S, the Ni^tlonal- 
Scien.ce Foundation took the- lead in this effort. Who might do it 
in the 1980' 8? \ ■ ^ • ' 



28. Heurotogioat Studies.. '. 

/(s Romberg reports in Chapter VI, Soviet education makes spme- „^ 
what greater us^of neurological studies than is common in the United 
States^ The, wprk by Martha J)enkler, M.D. , and Patric/a Davidson, 
Ph.D., at Bolston Children's rfospital'is stirikingly similar to S6vi<5t • 
work, and could serve asC a point ofvfcbntact for clos^i^'' jtaiternatlotfel 
cooperation^ in this very new, (and (iotentially very import^t) 'flpl'd. 

' 25. Th« Eiatoiry of Soviet, Sqhool^ ^ . . \ - 

' •■ r' . ■ . ~' ■ ."^ \ • . = 

In the United States we ^necessarily bec^^ne so occupied In the 
day-tO'^ay flteblems of our schools that .we tpnd' to lose sight of the. 



.■^•^Papers by Denkler and Pavldson are listed^ in the referetfces for 
Chapt4( IX. 



•oclal and economic problems that our schoola— o<^ poikelble alternative 
Institutions — need to be addressltf^ The creatldi^ of i^he strong 
system of community colleges (whi|», overlap vhigh ichools in the co'n- 
tent they teach, fi^uch as trigoijginptVy) , under trh» leadership of John 
Brademas and others, ,roay be one of the mp»t( important developments 
of recent years. Headstart^ Follow-ThK>ugh, UjpiifM^ B(mYid^ and the,. ^ 
Job Corps were other promising Ipt^tventioas^* til though their contri- 
bution^ to solving 80cia:)L and^^^ccfhomic^problei^ is .probably leaa clear. 

There is a. broader hist<)Vic«l;, sbcJal,", jind^bconomlc patte|rn. At 
the present tinfe, in 1979, ^^It ^is sjtllV th« tiase/that ntony adult ^ 
Americans are functionally iiliiCerati^e^ ahd -many a^e^«^ defi- 
cient in Hialiiable skills, - lib educational program* seete to.be 
addressing this problem effectively . , " " ^ . 

There may also be less obvious patterns and pressures. Where 
are ti^chnological or economic changes creating nev educational needs?^ 
VHien Americans left farms in large numbers to migrate to cities^ we. 
were not prepared to dfeal with *the phenomenon, and it contributed to 
the development of urban slums and the decay of urban schools. When 
the automobile and improved highways led to a migration of the 
affluent out of citie8\ we were unprepared for the erosion of Qrbail 
tax bases and the loss of able students. Vfhat is happening now that, 
none of us Is notitlng, and for which we will find that we were 
unprepared? 

The study of the history of Russian and Soviet schools c^n be 
very eye-opening: the consideration of the adjustments the Soviets 
have tpade, and their reasons for making them, cannot fail to give 
Americans a broader perspective on social/economic problems in. 
general. It is not so much that either country has been" entirely 
successful in arranging education so a*, to^ eliminate social and 
economic problems — rather, the point la that we can "learn from the 
various efforts.. And we can get more idead.Afrom the failures ^ than . 
we can from the successes. The point Is NOT to imitate > but t6 
reconsider (cf., especially, Vogeli^ 1971) . 

30 ^Methodology in Gerieval ' 

The Improvement of education, tti many different respifects, is. a 
definite need that should be addressed in a serious way ^ The present 
array of methods for observing, d^WC rib lng» ajnd anal^rtin^ education 
ileems not ta be adequate. Far too of ten. one gets reportf ^of **no 
significants difference** In cities wher^ knowledgeable observers puspect 
that there woo a difference, but for one reason pr another it vaU^not, 
observed and described by the specific methods employed perhaps 
because these methods were not sensitive enough, or becmuro they were 
not focused on the places wh^re the difference ma4f iteelf felt^.orV 
because seversil effects canceled ^ach other out (a specific treatment, 
for example, may be. better for some educational goale, ot* fer some 
students, and worse for other |ps(t^ or other students)^; - 
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What la clearly called for Id a greater de terminal loci to observe; 
deacribe^ and analyse more effectively — ^and,' at leaat at flrat» that 
owana by employing a far larger array of ttiethoda. The superb 
Joumallam of the Wall Street Journal im nigularly employed to 
describe and analyze complex human undertakings — -It deserves to be 
tried out seriously In education^ Readers cap, easily think of other 
serious methodologlea. U.S/ educational R and D has been too exclu- 
sively committed to psychometrics, questionnaires, statistics , and 
low-lnferenc^ observational protocols. Studying the Soviet litera- 
ture inevitably raises questions about a wider array of methodologies. 



I . ...... I . 

31. Demographic^ : Education and Careers 

A major task of educaf ion is to equip everyone to contribute 
sigfiif fcantly to the economic well-being of society. There are deny ' 
X unanswered i quest ioiis in this area. Quite a fAw of these have not ^ 
""even b^en- seriously discussed. , . ^ 

Shanghaiing. We borrow this word from Harold Howe, who on<;e 
suggested -that nortnc(l eohools were created "to shanghai young women 
ii\to becoming teachers." VHiat we have In rnind^ however, Ts not 
primarily teaching. In mo4t fields there are higher-level Jobs 
• fnd lo\*er-l4veI Jobs . In' medicaJL services tKere are medical special*- 
'lst;s, "genei^al practitioners'* or '^family dbc^ors" or '•primary care 
speciaiista"; there are- nurse practitioners, gtadufite jiurses, 
registered nurBes, practical ijurses, nur9ea ai^es, and p<ira- 
professionala. Who, is to play which role? Who is ftp eArn $?00,000 
a year, and who is to earn $10,000 a year?> , * 

• In the d^ys when genetic determination of performance capabili- 
t;jLes waa a finely developed theory, things seamed to soirt themselves ^ 
out- nicely. Everyone could ^be presumed to rise to his 9r her highest- 
IjBv^l. The theory didn't really work, but for a tline it .lUirvlved,^ 
and the sons of doctors' became doctors, o\ 

Our present U.S. theory seemsc. rematkably egalitarian — nearly 
o everyone s'eems to be considered a potential, candidate for ne«irly 
any things aijd the main problem, is often seen as achieving a-^falr 
distribution of races, sexes, and 'religions m^every line o»f work. 
This theory repres^nts^a correct recognition of cert^n aspects of 
reality, but it omits others. , ^ . - 

By/'shanghaifclng'* we m«b offering young people twho aren't sure 
of career directions fa^^l^t/^ access to thf lower levels of ^ 
^ various careers, but at tfee price of blocking them ou^* of subsequent 
advanc^ent. We make It easy to" become a para-prof etslonAl; bul;> 
virtually impossible for q para-professional to become a surgeon', 
m^^this is the key point — we entice young peoplf into becoming 
para-rptofessionali without giving them fair vcaming/ in ki form they- 
aan OBetmilate, as to what thia will entail irt future deeadee in 
Hieir own livee. The delicate point is a kind of ^trtith In label-/ 
ling" questiDn* Just what «ociet>^8 responsibility to young 
people, to warn them of vlimtifchelr future may hold ^ cmd to do so in^ 
a form^that the young people will rMly undePeiand? 
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Of cour««t presumably somebody has to work at low level Jobs, 
AS dishwashers, filing clerks, dental hyglenists* Who? The 
women^s movement in the U«S* exacerbates the problem — it was 
formerly felt that easy access to low-level jobs was appropriate 
for women, but not for men, pn the grounds^ that a wooan would work 
at the level only briefly or sporadically, being mainly occupied as 
a wife and a mother* Hence^it qould be aTgued th^t a fair bargaia 
was in effect — womefi invested less time, montsy, and energy in their 
education, and were granted quicke'r access to lTicome-t> reducing Jobs; 
this fairly well mat^ched ^up with what it was presumed that they 
vanted. ^ From men, more income would ultimately be expected, so a 
liirger initial investment— as in completing college and medical 
school and intepiships — could reasonably be expected • 

That theory is becoming increasingly untenable — but what else< 
Is in sight to replace it? The "career ladder*' discussions in the 
WoBhing ton' Monthly are a partial reaponlse, not As yet taken 
seriously by the general public, » 

4Time. As another aspect of the demographies problem, we have 
observed earlier that children as young as 12 years old may be able * 
to produce quality work in, foV example, computer programming. 
This kind ot activity has at least two features: 

(i) it deserves to earn money, but usually doesn't, partly 
because of child labor 'laws (and probably also because 
^^nearly everyone assumes that "kids Should be grateful 
for the opportunity to/learn" — which of course, may^ 
a<;tualiy be true); i 

(ii) it differs frOm delivering papers and waiting on. tables 

In that it can have direct jand important relevance to the 
student's education and future professional careers* 

More provision could be made 'for this kind of experience, and possibly 
ought to "be . , - 

■ ' ' • • 

32. SpeoifiCa Cognitii^& Ttnaori^s ; . ' 

WltMn the^Unlted Sdhte8,» a general, not-yejt-weH-formulated kind 
of theory" l8 - beginning .take s)iape, concerning the human thought 
processes thd't are inVolvJftd Iq learning arithmetic, algebra, and^ 
^eoms^ry (Burton and Brown ^ X^lSi Matz, 1979; Brown, 1979; D«Vi«, 
Jockusch, and McKnlght, 1978; and pother work, notably by Herbert 
Simon, ,t|:a Goldstein, ^eyno.uv Papert, Allan Kaye, Marvin MinskY» 
Edvlna Michliner [Risalaijid],'' Jil^ Larkin, and cithers). 
■ ' ^ '> , " ■ ; < 

Am illscugped aarliar^ one hits the feeling that this sort of work 
li ratheK in^e- spjrit of much Soviet '^rk. Yet the, translations , 
avail ab],«, 'to uHs do tiot seenf to answer this quttstit^n clearly. Is 
thace, in fact, the prosnect ^that tliia kind o| American approach docs 
have a Soviet: parallel^ i^d, if so, ar* the t«rd'l:^nes tending to con- 
verge toward a 8:^i;'gl^, ppj^e fully developed theory? 
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One View of Soviet ReeeaVch in Methei|etical Education 

ThooMie A> Romberg ^ 



The view prteaented in this chifpter vae primarily gained as a 
result of" a tvo-week visit: to the Soviet Union in December 197€j^ 
The purpose rof' the visit was ^o; patticipate in ^.a *tSemlflar ^n Team- 
ing and Leatming** Vlth ^eVeiri athef U .5 •-educational tesearchet^s and ^ 
several vie t researchers at the Acatlemy of Pedagogical ^ci^ences 
in Moicow.l ^Twenty papers (seven UtS. and thirteen Soviet) were ' 
wrlttep prior to (he aeihinar, translated intp^ the othet language 
and made available to the participants* Thi*We an4 a half days vere 
spent intensively interchanging 'ideas from thf papers with our* r 
Soviet colleagues ^ This was followed by jtrips to Tallin and Lenin- 
gi^ad,. wh^re we visited with scholars in Institutions in those sites. 
Also, we visited schools in each city getting first«*hand impressions 
of the Impact of jfheir researcl) on teaching practices. 

- . f . 

The titles of the papers prepared by the American delegation 

were: 

T. A. Romberg, "The Implication of Curricular Issues to 
Research on Teaching and Learning" 

B. J. Biddle, "Id^logy, Social Planning, and^ Research 
on Teacl^ing in the United States" 

A. A« Bellack, "Contrasting Approaches to Research on 
.Teaching ^ 

L. S. Shulman; "Recent Development in the- Study o^ Teaching" 

• R. TabacHnick, "Teachet Education as a Set of Dynamic 
Events" 

T. S. Popkewitz, "Educational Reform: Centagonistic Meanings 
and Institutional Life" 

\ 

6. 6« Wehlage, "Can Te^achers be More Reflective About Their ^ 
Work? A Commentary on Some Research About Jteacbers"^ 



1^ 



The seminar was sponiored by the Soviet Ministry of Edt^catlon. The 
AoMirican delegation Was funded by the Council for the International • 
Exchange of Scholars. 



Ixi nunnary, s«i; of papers ci^phaslzed th« "tMchlng*^ the«M^ 

of ttM f;anf«ir«nc^« Each pi|par addraaaad l^aufs about the mo9t \ 
affaeWlva |ind prom£flfing trends In vhlxh tc^o^^^irch on teachln|| can ' 
be advanced. Alao\ there va^a fi*pllclt a^jteivt Ion to ways lir which 
ideology, determines par amt era of research In the Unltfid Stateii^ ^ 

Tbm titl^B of the papers ^prepared by the Soviet pertlclpki^te 
we.ra: _ * .. 

V. V.%JCraJeVfky/ "The Didactic Prlnclplf^a Underlying Tuach-r 

Ihg.ln Soviet Schools" 

• ^ ^ ^ ■ ; • : ■■ 

!• Ja. Lentpr, "Curriculum as a Component of Education r 

Upbringing Process at School" i 

< I^. Ja. Zbrina, "The .Didactic Principles of Formation of the 
Puplla* , Theoretic Reasoning" 

a; Menchlnskaja^ "Problems of Self-directing oi Cognitive 
Activity and Development of^ Pupils' Personality" 

V* v.- Davidov, ^ "Basic Problems and T^nds of S^iet Research 
in Psychology In Learning" 

Av K. Markovs^ "Psychqlogical Conditions b.f Motive Formation 
in the Process of Leai^ning" 



Z. K* Kalmykova, 'Vays of Developing Pupils'^ Productive 
' Thinking" > - 

I. D.^Zverev, "Education Content in Soviet School'* 

^A. Pishkalo, "Features of Primary Education" 

6. G. Maslova^^ "Some Aspects of Mathematical Education Reform 
in Soviet School" 

V. 6. Razumaovsky; "An Instructlortal Procedure Analysis and 
Ways of Improving tite School Physics Course" 

P. R. Atutov, "The Poly technical Principle in Teaching the 
^ Fundamentals of Science" . . 

Oe F. Kabardin^ ^ "Optional Courses"? 



^The other member of the AtMrican Delegation vas Beatrice Beach 
Saekely^ editor of the. English-Slanguage Journal Soviet Education . 

3 ' V. ■ • 

The order of titles for- both sets of paj^irs are given herei In the 
d^er of presentation at. the seminar^ An edited set of these papers 
will be published py Praeger later this year. 
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In |ioiqn^r^» thtt 9Qvlttt papjits Atophaflx^d '•learning'' rather then ^ j 
^•teichlng.** ■ Each paper wa,a>descrlptlve of pai^jLculer fflipecte of the 
•Inglej; natlDnel achool of pedagogy that exlats In the U,S^.S^R. The 
Maxx4#t-Lenlnlat Ideology of materialism la' of ten cited, aa the 
foundlti^lon of JSovlet education theory^ and waa officially afccepted 
mm the fundamental coti^text fro* wiilch all deacuflptione emanafced* 

In eplte of the difference In <;krlentatl6n of the papers — 0*S. 
Atudlea 6n teachings an^ Soviet studies on Jlearnlng-^the subsequent 
discusalons between bdth sets of participants proved to be very^ 
frultffiil. My comments In this papftr were formulated as a result of^ , * 

those discussions. * . . 

* - 1. ■ » - 

I should eqiphaslze that my^ cdmments ate impressions, not facts. ' 
I am confident that the baS±Q ideas. expressed in this paper haye aome 
validity, but given ,the small amount of time, my under a tend inf^ of the 
yays in whlcti Soviets operate is liiblted. Their, system could only ^ | 
trulyObe understood through a longer atfid moi*e intense Interchange* ! 
Thiers particularly true since, disjcussions had to be carried oyt in:. J 
xlifferent languages. Translations cannot capture the'huancea 6f each 
other's ideological assumptions. We often use )the smsfir^rds with i 
ftubstatitially different;'^ meanings. - ^ 



/ To organize my impressions lit me pose three answers to* the 

following question: ^ ^ 



r. 



> ^ - 

What can be learned by examining the educational practices 
of a different culture like thiit of the. U.S.S.R.? 



AneniBP 1 ' . ] • 

}fy fit St answter la that '(X>mpdr^pive a In^dik make what one takes 
'for granted probtmatiol ^ As long as one operates within a c,ulture and 
ita prevai^ent* ideology/ one takes for granted a host of features of 
schooling, m^t hematics instruct lop, and resejyrch. Som* features por-- 
trayp^y Surface differences, such as "school operate* five days a 
week** ^(Sovlfet schools^operate aix days k week), , or that statistical 
proceduifes are used^to build ^ rational argument in research (Soviet 
researcHers rarely rely on statistical reasoning)* Other differences 
between cultures ^are more subtle and' lllumlfiate problem . areas in *'*our** 
work rarely addressed. would like .to illustrate this with two 
examples. » , 



\ 



Example 1: The oonfliat betu>een individualism and ac^lleotivism. 



Schooling Is^of necessity a collective experience*. For the child, 
Jbeing Ih school means being In a crowd. For the' teacher it means 
always %iing responsible* for a group of students. Thus, tt^elprybl^m 
of hov P small number of Adults can organise and manage a 4arge number 
of jcKHdren is the central organizational probleta of achooils^ . However^ 
within this collective experience two aspects of the (|dctrine of ^ 
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Individualism in American schooling are paramount.' First » bailava 
that students differ on a variety of Important intellectual traits^ 
and that these dlMerences should be considered in schoolitlg> The. 
Implication la th^t^ by attending to such dif ferjences^ Inatmrrtlon 
will be both more efficient for the institution and' more tewardlhg 

^for each student. Second^ regardless of thf Ingredient^ of )i le990^» 
the dominant ped«g6gy in our schools involves Intragroup competition. 
Competition is fostered because it is both a method of .motivating > 
learning and means of differentiating between students^, Ac com^ 
pllshing an assignee^ task and perhaps doing It bettett fast^er is.. . 
rewarded. Also^ going to school means being eyaluatjed^^ Children 

•'•are constantly having their words aind deeds Judged by others. ThuSt 
the Job of ^teaching* is in large part seen as creating competitions 
and Judging the results. * ^ • 

■ - ' ^ 

Before going to the Sovift Union ^ 1 4ia<ji always taken individual * 
differences and Intraclass competition fdr granted. It is trusK that 
we haye not provided for individual ditlferenceB very ^d^quafcely and 
the competitions often are biased^ but. we are striving vlti 6ur^ 
research and reform movements to ovef^tde our Inadequaclesi and our 
biases. ^ ^ . . 

In the first classroom I. visited in Moscow (a third-grade class 
doing multiplication problems) » I no^tlced a child copying ^e $teps 
5£ a*^ problem solution from his desk partner* I commented guide 
that the child was • cheating. The -reply was, "Cheat Itig? ^ Ho » he Is 
being helped /* This tugfned out not to be a unique! i^perlence. In 
fact» deskmates weri^ working together in alii? cXasarooms revisited, . , 
cqpylng from ^ach ofhet^ assisting each other with answers » and so 
oirS.;Jntraclas6 cQjnpetltion seemed not to eitlst* iCnstead^ collabora- 
tion stemmed "^t) be the rule. . 

I raised ^ue^tlons with Soviet researchers about these observa- 
tions. Jh^y InHurn led me baqk to points raised in the Soviet 
papers In^th^ semir^^r^. For ex^ple^ Lerper stated : , - 

Jl ' ' \' / ^ ' \ ' , ■ i ^ ' _ 

.... that the teaming process iti .a. sociaX-^pedagoglcal cate- 
gory es8en^^ally given by the social system. It follows that • 
/the most vital \inlc between the curriculum and education — 
upbringing process* is. that Which r.epresents the ^eds a^d ; ' 
" goals of a' society vis-a-vis its schools. Educai%|nal^ 
systems differ according to how. they answer the fo^llowiog 
^four questions: for wha^» whom« what and how to taach. 
V In other words; the answer to the questions of educational. 
^goalA, stjud^nt contih^entdT/ curricu4.um and teaching. methoda 
ta|pitp collectively determine the essential fej|tui:es of any^ ^ ^ 
educatidn. The USSH is callffd upon to produce tpundly and^ 
harmonipusly developed perspiis capablm of iMirticipating in . 
tha building of' the jOst social syatSM; it fumiabM AquajL 
educfatlpnal op4)ortunities £or^ all social mir^iti.^^m 
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He go«8 on to state that "the all-arouiKi development of per3onality 
±m the global goal' of schooling/' An appropriate fiersonall ty 
deY«lopinent Involves such principles as: 

— formation of materialist outlook at the scientific- 
theoretical level 

— humanilitla orientation of the content 

— .formation of progressive social Ideals ai>d a vide system 
of humanistic values. Including moral and aesthetic ones 

— fostering of optimism and conviction of progressive 
development of mankind ^ ^ 

— inculcation of qualities conducive to. a socially active 
personality 

— inculcation of patriotism and Internat ionallem 

— observance of the poly technical principle In the content , 
of education 

^ — observance in the content of education of conditions pro- 
viding for readiness for the world o/ diverse work 

— formation of a creative personality 

— formation of a physically fit persoflallty. 

KrajevsklJ stated that these principles could only be accom- 
plished by ^ 

J» ♦rearing the class as a learning collective which 
furnishes conditions conducive to both active and well- 
organized work of ^11 pupils.^. . .school children study 
in cla^s collectives. ' Followflfg gi^aduafrion school- 
learners work also in various collectives which are 
linked through numerous channels to the great collective 
of our entire nation. 

During the seminar, I- had viewed these statements as being in the 
nature of public-relations rhetoric. After visiting scfhodls, I 
see them now au operating principles. 

Soviets recognize individual differences, but do not view them 
as that important. Schools should not try to differentieta be^weeil 
students* Being a group member of the collective; helping each 
other; not standing out or being different; minding parents, teachers 
party heads, etc.; not complaining; and so on, are valued. Com^etl-- 
tlon (for grades, class standing, etc.) is viewed aa a "capitalist", 
strategy to train students to be bek^dr salesmen and consumers. 
Collaboration is viewed as a socialist stirategy to trAln students 
to be better members of collectives. Some of the consequences of 
this fundamental difference between Soviet and American schools have ' 
been commented upon In^ Chapter II.. Soviet schools are warm, caring 
places; college preparation 1^ not central to •choollns; parants are 
idiw^lved. 

This experience has made t^roblematlc the individual differences 
— intra-class competition basis of Ins true tioui; I have taken for K 

i ■ 

I 
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granted, 'aintrastlng 8clK>al» has mad« real to me the notlotts of 
the "hldcfen curriculum" of 5cl)ools and the Importance of cultural 
Ideology on schooling.*^ 

I might add that lack of claflsroom differentiation haa created 
a serious problem for the Soviets:, namely, how to Identify talented 
fltudentsk* They provide special training for some talented studentnf, 
biK the opportunity for such training depends heavily pn parental 
ofccupationa and on where one lives. A child of professional parents 
ih Moscow or Leningrad has some chance of attenjllng specialized schoo 

ren in rural villages whose parents work, on collective farms 
probably have little opportunity for such experiences* 

Example 2: l^ie ijprk of teachevo. ^ ^ 

, In American elementary schools, children are Initially grouped 
by age (all slx^-year-olds are in the first grade). In most schools, 
another step In ^grouping is taken by subdividing the children Into 
sets containing 20 to 30 members and assigned to a teacher for a 
school year — the self -contained , age-graded classroom. The teacher, 
within some general constraints Involving grade~l>5^'^l Expectations, 
is gjiven considerable latitude In scheduling and deciding what will 
be done. The.wi>rk of a teacher then becomes: selecting' and assign^ 
ing lessons to a class of* students, starting and stoppinj^ the 
Itosons according to some schedule, explaining the rules ind proce- ^ 
dures of the lesson, judging the actions of the students during the 
lesson, and throughout maintaining order and control. This the 
teacher does for all areas of content for the same group of students 
for a school year. A key assumption made in the America ^system Is 
that each teacher Is an independent decision-maker. Although lots 
of materials, .curriculum guides, schedviLes, pupil data, e^c, are 

« available, the Independent teacher d^tcldes what content to teach, 
what activities and materials to use,^ how students should be organ- 

^i2ed,^how lessons should be pr*esented, how performance Is to be 
Judged, and so on. Creation and adaptation of lessons for the 
particular group of students uncjer the' teacher's direction is the 
basis of the job. An obvious consequence of this practice' is that 
the details of what goes on in each .class are different. 

In visiting eleven classrooms in three' Soviet schbols, I found 
striking similarities in what was going on across classes. Begin- 
ning in grade classes are- taught by subject matter "speciaiists": 
mathematics isr always ta«i«ht by somebody who teaches nothing hut 
mathematics. From grade 4 upward^ the self-contained classroom doea 
not exist. Furthermore, each class is taught in the same way In 
•very classropm ^throughoilt the country. Teachers folj^ov a prescribed 
didactic sequenoe involving first a lect;Mre and then questijons^ Th€! / 
prescription of what to do la In the form of A detallmd syllabus 
ffhich 1« almost a script the teacher Is to follow* Students proceed 



TVo good referepceli on this topic are Apple (1979) and Cagan (1978). 
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In somewhat rote^ fashion upon the prodding of tenchers. In this 
instructional system th^ teacher is viewed as ^ conduit. Teac;hcr8 
arc not supposed to adapt or change materials to mfiet the need^ of 
their students unless they get prior approval, Ttiey are not 4een 
as professldfiifl; dccla lon-tfvakers , responsible for planning a curric- 
ulum. • 

This realization has made problematic the latitude we in the 
" United States give teachers In deciding how instruction is to pro- 

ceed. This is of particujiar contejm to me since, for the past 
several years, 1 have beeA l^olved with several projects ia which . 
what teachers do \teache/ actions) is being related to what students 
^ do and to their achievement.^ From the^e classroom studies, it iflf 

agoi^izingly plain that the teaching of mathematics by many element'* 
tary school teachers la the tl.S. is awful. Little time is allocatjed 
to mathematics; structuring of Wessons, higher-order ques tionlng,\^ 
and appropriate feedback are JLnfrequeut; students spend inordinate^ 
amounts of time waiting or off-task. The Soviet experience has led 
me to question our tradition of allowing tfeathers wide latitude in ^ 
instructional decision making. When latitude leads to license to be 
incompetent, can wie afford it? 

Inr summary, for social scientists it is Important to examine 
> • schooling in different ideological settings. Only by doing so can 

we discover that our assumptions are not invariant across national 
boundaries. 
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My second dhsWer to the question pf "What can we Jearn ?" is 

that Comparative studies can illuminate pvoceduree uaed^ by different 
ayetems to solve: t'he same pvoblems. In so doing, the comparisons can 
reveal the strengths and weaknesses of each system. To illustrate 
this let me again use two examples: 



Example ^: The Development of CurHeular Materials. 

In all countries the preparation of content materlalls to be -used 
by teachers and pupils in classrooms is a major enterprise. In thds 
country there are two systems (sometimes complementary abd sometimes 
antagonistic) invplved. The first* is the^f oundatlon-spoAsd^red 
"(usually with fedel^al funds) development groups such as theMIriiversity 
of Illinois ComtnXttee on School Mathematics (UICSM) , Schorfi Mathe- 
matics Study Group (SMSG), Madison Projeqt, ^^innem«flt, Coipprehensive 
School Mathematics Project (CSMF) , Indlvldual).y PmscribiKl Instruttlon 
(IPI)^ Developing Mathematical Procesges (DMP) » etc* In ^hese groups 




Th« itiidles fitire the Beginning leather Evaluation Study' conducted by " A 
, th« Far West^ Laboratory, and the I,GE Evaluation Projecfc and the Inte- 
grated Studies in Mathematics Project, both conducted by (he 
Univtrsity of Wisconsin R&D Center. 
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auitl^«matlclans work with teachers and often other educators to plan» 
wrlte^ and tryout sets of materials* An Ideal sequence of resea^rch^ 
.d€(velopinent » formAtlve evaluation, production » Implementation » anct 
sumnatlvA evaluation is expressed ^ even If It Is rarely followed. 
The second system is the commercial publishers. Since schools buy 
materials » competing for those orders Is big business. Publishers 
prepare materials a variety qt ways^ sometimes by producing 
foundation-sponsored materials, rhove often 4)y adapting such 
materials, and most often by having "In-houae" authors prepare the 
texts. The end resvit is a ^ide'^ variety of matel^lals being used in 
schools with consicierable variability in what consent is included, 
how the content is approached, and what, teachers and pupils actually 
do wltli the materials. ' 

* ; 

In the U.S.S.R. the s.ystem* for producing materials Iq quite 
different. Educational planning follows a clear, deductive sequence. 
Official planning begins with one soclet-al objective for schools — 
to produce good citizens . Given this goal^ the organization of 
educational planning ^nd research follows deductively. The writings' 
^f Marx and Lenin are uf^ed to outline what it means to be a socialist 
and the attributes of how to become one. ,Then a Series of princi- 
ples related to learning and instruction are posited^ based on such 
authors as Vygotsky; Galperili, and Leontiev. These are psychological 
principles of communist upbringing. Ne^^t, the structure of the con- 
tent to be taught is specified. 

It is only here that mathematicians and mathematics enter. The 
need for mathematics must be first Justified as socially useful. As. 
ZVerev btateavlt: ^ ' 

The December^ 1977, Resolution of the Central Coinmittee of 
the CPSU and ^he USSR Council of Ministers on School empha- 
sizes that the improvement of the content along with the 
other compo nents of education must xsteet practical needs. 
It also stresses the task of combining thorough knowledge 
of the fiindamentals of science and work training with 
preparation of school students for socially useful labor. 

To acl^ieviB such school improvement it is' the TOsponsibility of the 
Ministry of Education and its Academy of Pedagogical Sciences 

... t:o take into account the cortditions under which modem 
school operate{i» for example, the acceleration of scienti- ^ 
tie and Cfechnical revolution, hl^h liftf pace^ intellectual 
character of labor, wider professional out^ook^ the. 
necessity foy new, more complibated activities « These 
demand better educational atfd polytechnlcal training, quick ; 
orlantation in the mounting scientific aAd political irifor- j 
mation, eomblAing of knowledge of the aciantific fund«nan-^ 
tala of production and ^formation of labor habits » poly- 
technical tr^aining. « 
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From this basia Lerner states that the first principle which deter- 
mines the design of currlculunf in the sdclallst scttool is "the 
scientific nature of content." By this h« meat>a: 

. . . the fundament/^ls of sciences central to the contem- 
porary natural-scientific and social picture of the world. ' 
The fundamentals of sciences are seen as the sum total of 
fundamental concepts, laws and theories and basic facts 
they corjdition, as well' as major types of problems tacltled 
by the science, and its methods.,. 

The responsibility of the mathematician • then i's to specify the con- 
cepts » skills, problems, and methods of mathematics, and to help the 
psychologists and pedagogical scientists in their translation into 
lessons. Note that there is less scope for intellectual disagree- 
ment as to what constitutes an appropri^ite conceptual framework than 
we are accustomed to in the United States, where, for example, the " 
BSCS produced three. d if ferent biology courses, and where three alter- 
native geometry programs are based, respectively, on Legendre's, 
Hubert's, and Birkhoff's axioms. Such arguments are interesting 
to Soviet scholars, but if a single f)rogram' is to be developed, then 
agreement on fundamentals must be reached before pedagogical princi- 
ples can be derived. Within the Sov^Let framework, this agreement 
must be nation-wide. Finally, based on this logical superstructure, 
the Academy of Pedagogical' Sciences develops instructional programs! 

At present the basic psychological structure for the teaching 
of mathematics has its roots in Vygotsky's seminal work on proximal ' 
zones of learning and .several interpretations of that theory for 
mathematics. Davldov's paper for the seminar outlines first the 
work in the 1940's by ■ Menchinskaya (alst/ a member of the seminar): 

— one of the key moments in the child's learning is the 
formation of the child's generalized modes of operations 
over the obtained knowledge These generalized modes allow 
-children to apply these mod^s in varying conditions within 
frameworks of a definite group of objeots of common charac-. 
tiar (paper.s by D. N. Bogolavlensky , E. N. Kabanova-Meller, 
^. F. Zulckov and others). Mastering of the' geherallzed 
modes of operations is an important means in the child's 
pental development (alongside this process th«, pTlnclple 
. of the unity' of educat^n and mental developm(in,t la 
realized.) ' \ ^ \ 



Davldov goes on to state: • 

..•In the 50-les another approach has been outlined and led 
by P. I. Galperln. The main i^hievement r«c9ivttd in th« 
Xrmmmm of this approach Is the asstimptlon of basic types of 
learning and stage-by-stage formation of mental actions as 
a theoretical consi^deratlon of psychological tiechanistts of 
concept and skill formation. Among all the variety ojP , types 
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and forms of learning it la possible to single out the 
thrse main ones . 

The first type o£ learning implies a spontaneous orien- 
tation of cfie child in the situation of learning, when 
aantal actions are acquired without a specially organized 
presentation of the entire system of those signs of orien- 
tation which similarly guide the dhild in realization of 
actions. 

The second type Involves the discovery pf such a system by 
-the school child but with the help of a teache^ And 
, finally the third type of learning suggests that the child 
himself discovers the general method of forming fhe entire 
orientating Jbas is for the required actlQUs with the 
indirect prompts by the teacher. 

.•.Over the .(last years on the bafsis of this approach an 
I attempt' was made to imply some principles of the general 
theory of control. The^im of this attempt was to reveal 
conditions of effective control over the child's cognitive 
activity and control .over the process of learning proper 
* (papers of TalizinB and others) . 

Then in the 1960s: 

... another trend waS formed led by D. B. Elkonin. In the 
frames of this trend there are studied Conditions and . 
regularities of the child's specific learning' activity, 
whi^ch has its pwn* needs, motives, tasks, actions and 
operations. The motive of the learning activity is the 
necessity of creative approach to the reality. When the 
child solves a problem, he masters the universally theo-- 
retical method of solving the entite class pf problems. 
This general theoretical method is based upon the analysis 
of inner conditions of thelA^rigii^ of the givem system of 
objects. The child reveals the geftetically initial unt- 
versal relation which lies in the basis of all the partic- 
ular manifestations inside the system. This generalization 
differs from tjie 'formal empirical generalization based on 
the cotaparlson of external similar indications of a group 
of dbjects. Such A comparison alloWs children to acquire , 
only the ready knowledge of a ^QQcriptive character, while 
analysis and theoretical general'lzatloA reveal the sources 
of the prlgin of the notion of an obyett. This theoretical 
generalization introduces the child into^^thc corresponding 
theory . Solving of a learning task is lurried ^out with the 
help of following actions: 
, 1. transformation of the situation wh£cb may bring about a 
discovery of the universal relation pro^^t for the ^yen 
%ystem of objects under analysis. ^ 

2. modelling this relation In a graphic or a aynbollc form. 

3. transformation of the itodel to studying properties of 
the universal relation in the general 'aspect. 

4. deAueing the series of particular concrete tasks which 
may be solved by the general methods 
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5. controXllrtg fulfillment of the preceding actions." 

6, eatimatlon of the general method as the t<i8ult of 
solving the given task in the process of learning. 

Although the principles' are stated abstractly, all. of these psycho- 
logiats have primarily worked In .tlio area of mathematical learning. 
Hiis list of six major actions Is tholr attempt to build a set of * 
psychological principles which can he used to develop programs. 

In the end. this planning sequence rasulCs in a syllabus for ^ 
mathematics for use by teachers and, .stud^ts throughout the country. 
The syllabus ts a very detailed Lciuum plan^hiot quvte a aavipt) 
i^hvoh teachers cn-e to follow. For example, a syllabuo inoludea the 
kznds of quebtzonQ teaahera are to in eaoh leeson and how much - 
to cover each day, Soviet planning, their development of syllabi, 
and their research show this sa«e pat-tern for central control and 
tight organization. The Ministry of Educatidn, in response to 
political priorities {established by the Politburo, etc.), estab- 
lishes goals (five-yeat plans). Tt assigns to the Academy of 
Pedagogical Sciences all tasks assor lated with curriculum develop- 
ment, teacher training, and research. These tasks are then parcelled^ 
out to the 13 different institutes within the Academy. These insti- 
tutes then work on their asjligned tasks (often with the cooperation 
of experimental schools) . 

In summary, curriculum development i^ a top^cfwn bur-eaucratic 
system. It is the responsibility of the Academy of Pedagogdcal 
Sciences to see that the syllab^. that Will be used in the schools 
are developed. For example, the development of the last new mathe- 
matics curriculum required more than 10 years to produce. 

Clearly, th6 systems of curriculum production in the U.S. and 
the U.S.S.R. differ. By contrasting ^hem, it is obvious that the 
strengths of one are the weaknesses v.f t!ie other. For example, 
in the. American system it is easy tir introduce new ideas into 
curriculum prdduction. There are mt constraints on trying oUt, 
producing, or selling anything. Thus, ^ times and technologies 
change, materials can be quickly pr.>duced. In the Soviet system 
this is impossible. New ideas must be approved, carefully examined, 
tried out, and developed by the Academy before they can be used in 
schools. However, the American systom has.no reSl quality control. " 
N«w material may be nonsense or use terrible pedagogy, but if ' 
schools are willing to buy, then it is sold. Likewise, new good 
programs have, problems gettllng materials adopted, J,f the costs are r 
too high. Thus, many new (particularly federally funded) projects V 
find publishers uni/illing to publish and market them. This i& • \ 
certainly not the case in the Soviet Union. Quality control is of 
critical importance, and if materials are approved then all schools 
acroae the nation will use those niaterials 

^ A second weakness of the Aaeri^^n systen is the lip^-servlce we 
^va to research principles. ThaA^is; materials may be produced 
with little or no tryo,ut In classrooms by teachers and may be 
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totally Inappropriate. Again, this is certainly not the case In the 
Sovlift Union. The research paradigm is followed careful^ly, believed 
ln,^and if the material Is appropriate it la then implemented with 
the' full resources of the Academy of Pedagogical Sciences. 

* * \ 

Example 4: The Logio of Reeearch ' ^ 

American educational restea?^ Is Khrd to portray adequately. In 
part because Its phlloeophlc basis Is as varied as the philosophies^-- 
of the individual researchers • The inadequate distinction between 
"piire" and "applied" research ^epardtes inquiry into two categories: 
theory-based inquiry aimed at clarifying proppslt tons within some 
hypothesized framework, and engineerJLng studies aimed at building 
better materials pr techniques. Oth^r distinctions, such "as 
"conclusion-ofiented" vq. "decision-K)riented," or "quantitative" 
vs. "qualitative," merely highlight the variety of activities labeled 
as Research in this country* In spite of these distinctions, the 
logic of American educa^^ional research most ofren involves the lan- 
guage of experimentations and the idea of cause and effect from a 
"critical^realist" philosophic position.^ The desired end--prod^ct 
of a large proportion of American research is meaningful causal 
assertions which are contingent on man^ co^di^:ions and hence 
fallible land probabilistic. Thus, mi^y U.S. researchers commonly 
rely on such ideas as validity, reliability, and generalizabili ty . 
The terminology and metholds of statistics are used to build logical 
arguments about causation and geneji^lizability.^ Most researchers 
today follow hypothesis-testing procedures best chanacterized In 
terms of Popper's notiorts of falsification (1972). Researchers posit 
hypotheses about relationships between variables, and t^ien systemati- 
cally attempt to falsify those propositions. While there are coUnteV'-^ 
trends within the American research scene, this "uealist" orientgtid'n 
seems to be the dominant language and methodology employed by educa- 
tional researchers in^ this countiry. 

In the Soviet Union, research follows a different logic. As 
perhaps nowhere else, ^ in the U.S.S.R. philosophical conslderartons 
have -strongly inrfluenced psychological theory; psychological theory 
has, in turn,^ helped to determine educational practice. Educat;ional 
method, in other words, has been explicitly justified in terms of 
the major characteristics of the Soviet view of psychology w^±<:b in 
turn has been justified by a coherent and unified set of underlying 
philosophic principles. This interdependence Is perhaps the tf^st - 
striking characteristic of Soviet research in education. Their s 



[Ed« note: Alternative fouhdations of research have been stated by 
Herbert Simon, John Se«ly Brown, and others. These are prpbably 
Minority views, bu£ they are stated by researchers of impeccable 
credentials ^ ] ' 

■ ■ . , % • . 

An •xcellent book on this is Cook and Campbell, Quas I'^xpar ixmn t at Ion 
Daalgn and Analysis (1«79) . ' . l 
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research thas follows a basic Aristotelian not;lon of logical veri- 

fidation* To illustrate this de'pendence, let me briefly summarize 
the major characteristics of current thinking in the Soviet psycho- 
logy and its philosophical determinants. - * 

In general, psychology in the U.S^S^R. is marked, by tlve follow- 
ing major characteristics: (1) a strpng emphasis on the iniportance 
of practical activity ii^ an objective physical and social world for 
developing knowledge*; (2) a concomitant emphasis on the importance 
of, conflfciovs knowledge in directing human activity; (3) a dialecti- 
cal; genetic pei^spective which argues that intelligent human action 
can only be understood in its development, and that development > 
proceeds by. stages and as an active process; (A) a socio-cultural 
perspective which emphasizjes the iimf>ortanc^ of adult-child social 
interactions (particularly those involving the linguistic systematic 
zatiori 9f cultural knowledge) in the determination of the child's 
developing Intelligent activity; (5) a neuropsychological perspective 
which dictates that whatever neurological knowjledge exists must be 4 
taken into account in understanding psychological phenomena, but 
without in any way reducing the psychological determinants to under- 
lying neurological ones; and (6) a complete rejection of standardized 
intelligence testing in favor of a clinical approach to individual 
diagnosis. 

r 

(1) Practical Activity in Developing Knowledge . Soviet philo- 
sophy assumes both the existence of a real material world Independent 
of any knowing subject and the progressive adequacy of both the indi- 
vidual's and the society's knowledge pf that world over time. Both 
the source and the criterion of adequate 'knowledge la practical 
activity. Human action In a real world develops and corrects man's 
knowledge. Fo^ psychology^ this implies that an understanding of 
thf characteristics of human thinking can be obtained Ithrough an 
analysis of intelligent activity. The structure of hloian action 
becomes the structure of huT^n thought. For education this emphasis 
on action means that dia^nogis of the nature of a chULd's development 
must rely on an analysis of his^or her patterns of activity and that 
inatruction must include the actfual manipulation of concrete mater- 
i^als in meaningful, ecologically valid situations. Thus» academic 
programs must be designed around practical, life-like experiences for 
the child if, in the Soviet view, they are to attain their objectlv^ 
of developing the child's cognitive capabilities. 

V 

(2) ConylQus Knowledge in Directing Human Actlyity . Just as 
practical activity serves to correct and 'dc^^lop hqmtan consciousness, 
conscious knowledge is seen afl( guidipg and directing the activity by 
which a person alters his or her own environmetit and consequently 
becomes capable of self -development » .For Soviet paycholqrgy^ this 
laplies.that the study of behavior by Itself » apart from a descrip- 
tion of the knowledge which guides and directs that behavior^ is 
fruitless*. A proper understanding of human action can only come 
through study of that action as intelligent knowledge-guideci action. 
This Implies that instruction i»hich attempts to deal only with 
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surf ace behavior while ignoring the child's understanding of what Is 
expected to hlin or l^er In a given situation Is to be eschewed. , For 
behavior to be deemed adequate and Intelligent » the child must com- 
prehend what he or she does and why he or she does It. 

^(3) Dialectical, Genetic Perypectl^^ > Dialectical materialism 
Is founded on the assumption that all- that exists exists In a state 
of constant alteration and development ^ and th&t the form of this 
development Is described by three laws (called the laws oS the 
dialectic). Veiy briefly, according to these three laws development 
is both continuous and discrete. It consists of gradual quantita- 
tive changes which give rise to sudden qualitative changes In which 
phenomena become determined by new sets' of laws to which they were 
not previously subject. Such development occurs as a process of the 
resolution of Internal contradictory tet^dencles In a phenomenon. 
Hence the motive fprce for development lies within a phenomenon 
rather than in the surround. Lastly, development not only occurs by 
stages, but new stages Integrate previous stages so th'at^character^s- 
tlcs .which exist at a lower stage reappear at higher stages in a % 
continuous progression. 

The implications for psychology of the notions of constant 
alteration and pf development corresponding to these general char- 
acteristics are several. First, -in such a system all psychology ' ^ 
must^ in an imjiortant sen^e, be de\relopmental psychology. Psycho- 
logical phenomena can only be properly comprehended in the process 
of development. Secondly, psychological theory must to a largje, 
extent be stage thec^ry. Since development ±h qualitative as well 
SB quantitative, psychological phenomena are best understood in 
terms of relatively constant. Integral unities at particular points 
of a genetic process, or stages. Lastly, psychology must reject 
models of human intelligence which see it as a'^i^asslve receiver of 
sensations, striving -to regalil a state of equilibrium. The psycho- 
logical organism is an active unity which carries within it the 
'.motive force of its own development.' 

^■^ ■ - ■ 

J^v lliese views may be discerned in a number of areas of Soviet 
yff^rk with children. For example, the severity and the source of 
h^l^lcaps are classified on the basirs of qualitative differences 
iHj performance in complex tasks rather^ than on quantitative differ- 
enctf^s such as the number correct on a psychometric Instrument. In 
the design of currlcfulum material^, the principle of constant alte^- 
atliOn and development leads Soviet educators to adopt the strong 
attltiude that development never 'ceases, even for a child whos^ie 
progtess may be extremely 'slow. In add^tlon^ development is seen 
as etagebound, progressing through a. number of "zones/' The task 
of the teacher is to help the child systematically lead himself or ^ 
herseilf thrcJugh this developilental progression « The notlan of the • 
chH<l4 "leading hlm^||J^wlth adult help also comes f row the prlncl-- 
pies of dialectics , which; assert that, development Is an Internal w 
principle. Development is in fact self-development » ahd one of the 
major emphases in Soviet educational work Is to assist th# child in 
ac^eving the means to continue developing hlMelf or herself « 
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(A) Soclo-Ciiltural Perspective > llie notion of group labor, 
out* of which society^ language, and culture evolved as means through 
which humans can change the world and consequently alter and develop 
their own consciousness, is of primary importance in Marxist thought. 
From this perspective, Vygotsky developed a socio--cultural theory of 
cognitive dev<^lopment which continues to influence most of special 
educational practice in the Soviet Union. Specifically, Vygotsky * 
noted the importance jpf what he termed "cultural mediators'' (of .which 
language is the mc^st Important) » which are employed in scKj^l inter-^ 
course ad socially developed aids in relating to reality •HK as the 
primary means by which the child comes to regulate his or ner own 
higher mental functions. Words and other social mediators possejis 
(fhe unique characteristic, in Vygotsky's view, that they are always 
A 'signj' a reflection of something. It is in employing such signs 
that humans become capable of easily introducing changed into exter- 
nal reality which in turn reflect back upon and develop their 
consciousness. By altering his medium^ a man is able to regulate his 
own behavior and control his own psychic functioning. He is no longer 
dependent on the reality of th4 external situation. 

In discussing the ontogenesis of tljjis regulatory process, 
Vygotsky asserted^ (and Soviet theory continues to rely heavily on 
this notion) that all specifically mediated human mental processes 
arise only in the course of social activity. In. the process of coop^' 
eratlon and social intercourse. Pdychologigal functions at first 
shared between two ppople, in particular between ^chlld and an 
adylt, become the internalized psychological processes of one person 
(In particular the child). Thus tHe structure of mental processes 
Is at first present in humans' external social activity and only 
later becomes internalized as the structure of inner mental func-- 
tioi^s (e.g., egocentric speech is Internalized as inner speech or 
verbal thought) . 

^ Thes;e notions figure prominently in both the classification and 
training of Soviet children. For example, one major method of dis- 
tinguishing amonj^ the' three categories of functioning — "normal," 
"developnientally \^ackward," and "defective" — is to present. tjie child 
with a task which ^^uires that he or she supply missing organization 
to materials. In such a situation, appropriately aged children who 
are functioning normally will be capable of providing some of the 
mlsdlng organization themselves, but retarded children will not* 
If, however, the same task is then presented again with increasing 
levels of adult organizational intervention (in which the adult 
provides the <:hlld with certain prompts la an attempt to help him or 
her to organize the information in the task), the "developmen tally 
backward '^chlld, who may perform much more poorly than the iprmal 
child vithoup such prompts, is capable of l^nprovlnjj .his or her 
performance virtually to a normal level through utilization of this 
additional, organizing lYiformatlon'. The "defective," dn thit other 
hand, will generally be unable to take advantage of the Increased 
iocia| organizational information to Increase- performance. * 
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(5) Pay c ho - Neu r(5 1 o g Ic al Pe r s pe c 1 1 ve . PaychologiCiil phenomena 
are seen from the Soviet perspective as vety closcily' linked not only 
to the real physical world whlcih the knower gradually comes to knaw, 
but also to luiderlying Neurological function, (referred to as 
'^higher nervous activity'*) in psychology, thl^ l^ manifested In 
the high level" of develppment reached by Soviet psychoneurology , in 
which various types of behavioral dysfunctions may be^ quite celiab^ 
linked to respective forms of organic brain damage, aYid, in a ^jf^jjf^ 
reliance on roarjy of the ideas of Pavlov in the formulation of 
psychological theory, Soviet; psychologists aVe careful to stress 
that psychology cannot be reduced to physiology^ but physiologicA^x* 
laws and facts must be- taken into accounf: in any adequate psycho- 
logical conceptualization. . ; 

•% * . * 

In Soviet education^ this perspective is perhapq most clearly 
reflected ^n the lengthy and careful cUlnlcfil diagnostic procedure 
through wfiich the organic etiology of particular handicaps in 
child ren Is diagnosed. As^a rulei^such a diagnosis always includes 
medical and psycJipneurbloglcal .examination in* Which the possibility;;, 
arid locMizdltiotj^^x)?:- is explored. .*lhis Infoiina^ti^nv, 
is th.en employed ;^lo tig -Witlht mot^ sp^if Ically j^^yfr^^ 

tion about the c!i lid 's/ action patterns tc^ Jfetern^^p^^i^^^ an4 "^g^ * "^1 " 

a large extent even the' coGts© of ^ training. In addSjj^j^^ tb* 



influence of the pJjychoneua^ologic and f^avlQvian persp^tiVe v^SpvieJt. ^\^^'V^ - 
training programs stress the notion of "compensatory mechVhisifis,/' "^^ 
a notion which derives from the idea that portions of the btain " ; 
%ihich are functioning adequately may in time take over some of^ the 
functions normally asslgr^ed to brain are;as which have received - par-- 
j0tiek^ lesions. M 

(6) Lack of Standardized Testing . For reasons derived li^jcrtfi^the^ 
philosophical positions 4iscus1^ed above, Soviet theorists ^e^fect the 
use of standardized intelligence^ aptitude^ -or achievement assess- 
ment. Standardized tests ^ they argue » rarely stress appropriately 
th€^ child's active manipulation of mednih^ful objects. Rather, such . 
tests^ for purposes of s tandardlzationj must place the child in what 
Soviet psychologists consider highly rigid, static, fend artificial 
situations which deny children the flexibility of i^tilizing the 
skills that they do posses^^o compensaute in part for those which 
they do not possess (and hence, the Soviets would qla^im that the 
examiner finds out very little of interest about either). 'Further- 
mare, stJ*ndardized ^ests result primarily in quantitative rathei; 
than in qualitative assessment of the individual child and hence 
stress the continuities in development at. the expense of the ecjually 
important discontinulMes . Lastly, stai<d«iOT| psychometric testing 
drastically ^restricts the fo^m of or even eiffUirely eliminates adult- 
child Interactions: in general,* the procedure^ thus leads to a ten- 
dency to fail tOL tdlce account of important: psychonetirolofeical infot^ 
mationt , ' 

In place of standardized psychometric evaluation, Soviet psycho- 
log^ats and educators, emfxloy a multi-f aceted^Y ^^^^^^^^ asse^anmnt in 
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4irhlch' doctor, paycht>neurologl»t, spfe^ch therapint , hearing special-- ; 
Ist^ teacher, or whatever other personnel might be It^dlcAted examine 
th>^ Qapabilltles of the 9liU,d and arrive at a cona^ensual diagnosis «^ 
'4^4; " ' . ' . r ' * 

The logic of Soviet research is t6 conduct studios with this 
framework of philosopljtloirpsyctiological thought. Each study is seen 
in terms of ^dc^liig piece in a larger chain of inquiry abont a 
particular phenomena, ftoqi this perspective^ The Soylfit researcher 
is not challenging assumptions, but Is trying to verify asBertiond 
developed from the theory| . It should be noted that tt\e typical 
articles written by psychologists are either descrititions of Instances 
of hpw materldls are used- from selected tryouts of topics to verify 
thf principles from which currieulilm materials were developed, or 
present information on how Ideas are processed by chll^reti yrlthln a 
particular sfettlng. In this respect there is no concern about prob- 
lems of sampling, statistical inference^ ruling- ou^^ b|j^s, or alter-- 
nate explanations to particular hypp theses • Since chiidren are not 
basically different, any "sample of children will do as well as any 
others* And if results are not verified In a particulat teaching 
experiment^ then it is assume<^^hefe is a flaw in the derivation 
of specific activities. ^ ' . 

In comparing these two systems of research, the strengths of the 
American system seem apparent* ^ First, the possibility of continually 
questioning the assumptions upon which a tesearc*h question is based 
is central to American research. Thus, we are engaged in a prolifer^ 
atlon of models and methods for conducting research and a continual 
healthy argument about the assumptions upon y which a research sequence 
Is based • This is far less * prominent withiri Sovie|: methodology; For 
the Soviet researcher, assumptions are philasophicallor based, within 
a particular framework. One does hot ordinarily question that frame^ 
work* Second, researchers in the United States are concerned about 
validity, gene rallzab ill ty, s^pllng^ etc. These h^ave l^ecome corner- 
stoi]ies of Amerlcah' methodology, although we often overuse statistics, 
or seem to equate the use of sophisticated atatistfcal techniques with 
good research. The Soviets see little rationale for using any statis- 
tical argument to justify the probability of a particular result. Oij 
the other hand, our wetnesses are also apparetit. The lack of 
systematic chains of inquiry which tie together* the results of several 
studies is a particular concern. This simply could not happen in the 
Soviet system. Research ^ould not be authorized unless it did tie in 
with prior ideas. Our reliance upon agricultural models Sometimes- 
qlouds our view of the underlying me'chanlsms of learnlilg and teachings 
Tb6* of ten bur research is at a surface level rather than at an under- 
lying level. , It thus relies primarily on statistical procedures for 
ita validity! ' 

In summary, these two examp^^s should Illustrate in part the 
diatlnctlons between processes used within the educational research 
aystema'of the two ^ countries. By examining such procesaea^ ona can 
illuminate the strengths and weaknesses of each and in turn begin to 
understand .and appreciate both systems* in more detail « 



^ Answer 3 ' -w/^l 

tfy third answer' to the question^ "What can we learn..;?" Is, 

acmpai^tive studies can reinforce one ^8 underetanding of aofvnon con- 
tmpdj\try pvobternb in eduoation.. Let me comment on what Zverev has 
Indicated are four major problems which need to be addressed by the 
Academy of Pedagogical Sciences. 



Problem 1; The development of ayeative thinking^ 

Future progress in our society wi^ll, to a great extent, 
depend upon what we beach in School and how we teach it. > 
Our task Is to teach yJTlIngsters creative fchlrHcing to pre- 
pare them for life and practical work, said Breznev in 
1970. The Soviet schoql is faced with the pirlnclple task 
of orienting youngsters towards socially youthful activity 
motivated by <!ioromunist cons<^iousness and devotion to the 
lofty moral ideas >fA our society and at the same time 
developing theii;; intj&llec tual faculties in creative ^ 
potential . ^ 



In thi3 statement the conflict between wanting citizens to conform 
and ajt the same time to be creative is apparent. This is the saqe 
strongly held, conservative position voiced durlrig ^he past quarter 
century in the United States. Socially, within the United States, 
the 1950s were d period of political turmoil and t^chnolo^jical V 
upheaval. The "cold war" and the Koreap war, wl^en added to a poten- 
Lal nuclear holocaust, kept- both miliary preparedness and the 
^ continual d^evelopraent of sophisticated artnaments at a level of high 
' ./iatjx>nal priority » Conservative intellectual retrenchment led by 
; S§<leCDr-<Joe McCarthy- and the emergent civil rights movement were two 
• ^ ^fopal points of the political tunnbll of the era* This helped for* 
-J the "coriseryative" side of the tensiori. On the opposing side, 
A *^r^8ur|!8 for creativity continued to build • The rapid development 
^i^ip^^of^cj^puters, along with a series of spectacular basic inventions 
"t^i^;^;;i^ the transistor, were creating new probabilities for giant " 
^^'') cid^oratlons and reshaping most other Indus tries • The ne^d for a 
\ lalrge cadre of scientifically trained personnel was critical, and 
was arjg^ed ^or primarily in terms of natlotial survival • 

Schools fit into the arguments of this period of American * 
educational discourse in three ways*' Firstt one set of educational 
critics claimed that few of the graduates of AmerlG;an school^ and 
colleges had an adequate mathematical^ scientific, or engineering 
background « The culprdi^ts were seen to be the p|pbgressive education^ 
■oyement,. the life-adjustment curriculum, and in^^^HU^^i^^^ax^ educa-- 
tlbn professors. - The antedote was seen as the developtwnt of 
curricula which emphasized intellecti^al training thtough the sciidemid 
discipline^ * During this time several, study groups (such «(s the 
University bf Illinois Coduilttee on School Mathematics^ organised 
in 1952) bugaip^: to prodMce some curriculum material* %rhich emphasized 
the structure'of the disciplines. When the Soviets launched the , 



ilrst sp^ce flatellite in the autumn of 1957, a shocked United States 
became aware that its techno Ipglcal supremacy was being challenged. 
What followed was the "modern cfcrrrlculum*^ mbvement which Involved 
the federal government spending considerable sums to have new 
dlsclpllne-o.rlented materials developed and to havte. teachers 
^ retrained. T!ie n^w curricula were deliberately ^^velbped under the' 
direction of scholars from the disciplines. Experienced classroom 
teachers were Junior partners in the endeavor. Educatlonisfia were 
expressly excluded. ^ * ' 

A second group of educational critics argued^ that schools were 
psychologically alienating. Spokesmen for low-incpirte and minority 
grQups, fpr example, pointed to a pattern of unsatisfactory achieve^ 
ment by school children from low socio-economic and minority baqk- 
•grounds • It was such children who were most ^likely to score poorJLy 
on (ests of achievement in reading and matlif^il^tics . There were 
insistent demand^ made that schools become more accountable for the 
learning of alV their pupils, including low soclo-econoipicf level and 
minority children. ^ 

The third aspect of the educational del^ates was less a cr:kticism 
of schools and more a prescription of how fo produce a better system. 
American belief in science and technology had reached a peak in the 
years following World War II. Many believed that the same rational 
procedures that enabled t;he military and ^ industry to conduct a massive 
war and then provide for an affluent consumer society could be ( 
enlisted to solve the most pressing social and political problems 
that confronted the United States « * 

Throughout these debates, while the^e was . the explicit desire 
for a better and more equitably trained citizenry who could think and 
solve complex problems in creative ways, there was also a simultan- 
eous^implied desire to "preserve democratic ideals^" "keep God in 
the classroom," "reinforce the values of home and family," etc* The 
implication, then, is that it is .important TcT^^j^lenge the assump- 
teLotis that underly scientific principles or engineering procedures, 
yet one is not expected challenge the assumptions upon wjiich the 
social system rests. That is, citizens need to be technologically 
creative but socially accepting* Clearly, in the U*S* this has not 
bean the outcome of the past two decades* Our citizens today^ are not 
socially accepting. - . 

In suiAmary^ in both the y*S* and the U*sfE)|l* there is a growing 
realization that ideological rigidity can impose thought restrictions 
and In turn hamper creativity; yejt fostering creativity which allows 
citizens openly to challenge asaumpnpns niay also undermine the 
Ideological basis of the society* t*- • \ 
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ProbleM '2: The da termination of a didaatia oyatem of con&epts in tfhe 
f^asio relapions jiiithin aontant areae i^ df paramount 
importance. . ^ ^ 

The Soviets recognise that tt lef Important to fo]ytov the struc- 
ture and main trends of a scientific discipline in order to ol;>talg;i •a. 
valid edtication. However, no branch oi^^clfpc^ allows for A single 
a)ppxoach nor hks a single structure, whl\h complicates the problem 
of establishing the structure of sfchool Jlibjects. Tl'uis, content 
coordination and integration becomes a cJitlcal problem for the " 
Soviets. Sound f^imiliar? It sliould; thi same concerns have been 
repeatedly voiced since the start of thir curriculum reform movement 
in this country in the 195ds. We too have no4: solved the problems 
of content coordination and Integration. 



Problem 3: The further improvement of the neu) edubationat eContent, ' 
particularly in mathematics . 

The new content in Soviet school mathematics is characterized by 
a higher g;enerallzat ion level, ti firmer logical and theoretical' basis, 
an early introduction to theory, a combination of deductive and induc- 
tive methods of material presentation, greater poly technical knoy- 
ledge of modern production, reduced reference material, and more 
assignments providing for students' general development. However, 
«rLthln this system, ttee problem of excessive material both in the 
«yll>abl and textbook has not been solved. In fact, Soviet pedagogiclal 
scientists are faced with the task of eliminating '^excessively diffi- 
cult material of secondary importance'* (December 19v 1977, resolution 
of the Communist Party Central Committee in the U.S.S*.R., Council of 
Ministers, on further improvement ^of instruction and education of 
ge^peral school students^ and their preparation for labor). In 
particular, the Soviets are concerned with: 

1. ' the avoidance of descrlntlon in material presentation,. 

cutting down on facts ancf reference materi^al; 

2. reduced teit^lnology in some of the lessons of the text- 
book (a' particular ptx>blem in mathematics texts In early 
grades) ; 

3* cutting down on complicated scientific material while 
preserving a theoretical level and the educational role 
of the subject; 



fftllminatlop of material rendered Impractical by the highly*, 
prohibitive nature of teaching devices required for Its 
presentation; 

better methods of teaching certain con^cepts, theoretical 
propositions, etc.; 
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6. careful selection of objectB of study for the sake o,f 
greater generalization and stronger ll\ika between theory 
and practice; and 

7. dolhg away with dupllciitlon In view of interdisciplinary 
overlap. ^ 

• 

The U.S^-Sdvlet discuss ioris on these points with respect tq mathe-' 
matrics lndl<:ated ^some of the same problems we in the U.S. are facing 
in terms of the ••back-to-the-bns tcs'' movement. It Vfas openly admitted 
that the current mathematics materials were too formal ^ tQO abs trac t;» 
and too difficult for marty students and poo difficult to teach for 
many teachers. ^ » 

'^Prvblem 4: The development af mojyil convicHons. 

The Soviets express a string desire to have student^ taught to 
defend moral cpnvlctions, to pr9ve one's views, to make sacrifices 
for the sake of Ideological tru^h;^to comprehend the ideological, civic 
meaning of knowledge^ and to havei a sense of uncompromising opposition 
to that which Is Immoral. There is a strong feeling that today's 
youth are being corrupted by immoral influences from the Wrfst and 
that the sepae of Ideological commitu»nt derived b6th from the 
Revolution and from World War II are*^eihg lost. Young children 
are too materialistic and not idealistic enough wlth^ respect to the 
foundations of Soviet citizenry. Theare questions are very similar 
to the kind 6f questions being asked of American education concern-- 
ing the preservation of American ideals; 4)ack'-to--the--ba8ics, stan-- 
dardizlng general education^ a fcommitmeny to democratic ideals, and 
sd on. 

In summary, the teaching o^ mathematics in the Soviet Union 
differs from the teaching of mathematics in the United States, Our 
research processes, planning procedures, . ajid curriculum /levelopment 
have their counterparts; but with nuances and philosophic differences 
that must be understood. Only by examining different Ideological 
aystems can we develop laws of the ^bclal structure^ human psychology, 
and education which cut across national boundaries. Findings In one 
society must be tested against the experience of other societies. 
Variation through time and across cultures can be turned to scien- 
tific advantage. Thus, for the social sciences in getieral and 
mathematics education in pajrtlcular, ' we must proceed by careful 
examination of the education in cjlversified cultures like that of 
the Soviet Union so that our understanding of the educational pro- 
cess can be enriched . 
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Chapter VII. 



Soviet Approaches to the Study of Problem-Solving 
Processes In* M«ithenv»tics 

i 

' ' ^ Sidney Rachlin 
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A, A Fable ■ . ' 

Many stories have been told about' » foreigner's first visit to 
a baseball game. In mine, the visitor's name is Nikolai. Nikolai 
had been sent to the United States to study the American phenomenon 
of baseball. After two days of intensive observation^ Nikolai 
returned to his native land to report on his Investigation. Here 
are some excerpts from his written report. 

Each session (x^ati with a token tribute to the government. 
The tribute^ though apparently unrelated to the activity, 
was nonetheless \evidently essential to the process of 
.beginning the activity. 

As has been reported in the past» the Americans are a 
very class-oriented society.- This was again, reinforced 
by the distinction in the subject's attire* The repre- 
sentatclves of the ruling class were dressed in black suits; 
stood throughout the session in control locations, and 
shouted orders to the working class. The working class 
wer^' dressed in either grey or white numbered uniforms. • 
Absenteeism must run very high since although I observed 
.one subject in a grey uniform numbered 72^ there were 
only about 30 workers in grey unifoms present on either 
day. ^ 

It was difficult to focus on the entire phenomenon at any 
one time. Other than styles of clothings there were very 
few OTmmonalities observed; Q»g»> there was no apparent 
pattern for the number of people on the playing area» -nor 
for the length of timfe each group was on the playing area. 




Quantitative evaluation of the phenomenon revealed that 
the grey group scores decreased from 13 to 1 while the 
white group scores remained a constant 2^ The mean .score 
for the grey group was 7 and the mean score for the 
vhite group was 2, Thus the grey group appears to be a 
•ignlficantly better group. Yet someone said the groups 
%rare now ev0n in the series, 

Bven my attemptns to meaningfully focus on an indivlduajf 
provided some confusion. While observing number 72 on 
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tlM gr«y team, I noted that he hit the ball with the 

stick nearly 1200 meters. Despite the 4t act that he 

hit it tot that distance and was still able to aim it 

right at one of the other players, the spectators booed. 

Yet later he hit a ball not 30 meters and the crowd 

cheered him. • 

Hy recommendation is that further research ne^ds to be 
done to fully understand the phenomenon. Perhaps future 
studies should be of longer duration. ^ One-on-one inter^ 
views with some of the subjects might prove beneficial. 
Or, bjrtter yet, why not have some of our people exchange 
with American counterparts; then our pieople could partl^ 
cipate In the phenomenon. ' \^ ■ 

This chapter focuses on Soviet approaches to the study of problem- 
solving processes in mathematics. Some implicit parallels with Nikolai 
exploration will become apparent. Foremost is the need. for clear and 
concise definitions. Illustrated by Nikolai's difficulties in inter- 
preting certain terms. We shall therefore b§gin by discussing* some 
working definitions to serve as a common thr^d woven through the 
tapestry of Soviet problem-solving research. 

Definitions 

X pvQhtem is defined as a "task" which a "subject" attempts to 
resolve, given that this resolution is within the subject's ability 
an4 is not resolved by the subject's immediate application of some 
algorithm. Resolution of the task is taken as the subject's belief, 
stated or implied, t;hat he or she has obtained the "actual" solution. 
Hence, whether or not a task ^.s a problem is dependent. on the char- 
acteristics of the subject and his or her Attempted paths to resolu- 
tion (Menchinskaya, 197A; Kantowskl, 1975; Kllpatrlck, 1969) • ' / 

A "task" which a "subject" resolves through the Immediate appli- 
cation of some algorithm is called an exercise. An algointhm is an 
unambiguous, series of steps which completely specifies the resolution 
of a task. By contrast, heuristics are neither unambiguous nor com- 
plete. They must be supplemented by more specific procedures at the 
level of implementation, and they come with no guarantee whatsoever 
(Landa, 1975). 

In each mathematics class there exist some students for whom 
only the first few tasks of a worksheet are really probleips* After 
solving these few examples ^« the students generalize an algorithm which 
they apply to succeeding problems. In many classes there are also 
students for whom each task of a worksheet remains a problem* Henca^ 
for some students "verbal problems" become exercise^ under generalized 
headlnga auch as "motion toward s-^^t ion ap^irfct'** whilf for othar 
atudantu a( task. such as "factor 9 n 4x^" bears no reaefld>lance to 
pravloualy solved problems of the form a^ - b^. A taal which Is "one 
student ^s problem, irtay be another student's exerclae* and a third . 
atudent^s frustration" (Henderson and Plngry» 1953i p. 232) • ^ 
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The dl^tinct:lon between algorithm and houHetia is equally 
intimate. Heurid tica , <^ccording to Pospelov, Pushkin^ and 
Sadovskii ()L972), is •'trtie science which Studies the^^laws governing 
the design of new actions In new situations.** But "neW" is rel^y 
tive to the individual. Situations Npnd actions are new if they I 
are perceived by the puHject as new. The solution of a problem Is" 
a blending of the application of heiirl^tics and algorithi^s. 

Itluetvative Example ... > - 

To illustrate the distinction and blending, consider the 
"chickens and rabbits problem." The subject is asked to determine 
how many rabbits and chickens there are if they know that together 

they have 35 heads and 94 feet. 

, If 

Carol, an elementary school teacher, read the problem and 
immediately wrote: R + C — 35 and A R + 2C - 94 . She perceived 
the problem as being like those she used to solve in algebra class 
and algorithmically proceeded "without thought." At this point she 
stopped, unsure of whatfYhe next step was. Her algorithmic pro- 
cessing had been broken before resolution of the task^ Aft^ a few 
minutes, Carol's eyes suddenly widened and she smiled^ "I get it!" 
she exclaimed. "If all the animals were chickens there would only 
be 70 legs. But we need 94 legs-^-so there must be 12 rabbits." 
to my confused gaze she coptihued* "Each trabbit has two more legs 
than a chicken and we have 24 more legs — so there will be 12 rabbits." 
Heuristics involve the study cff the general p,rocesses of movement from 
blockage, although not necessarily towards resolution. A hint which 
attempts to facilitate these movements is known as a heuristic. In 
this case, Carol applied a heuristic for which she had not been given, 
a hint. 

Bob, also an elementary school teacher, read the problem and 
Imoiediately wtote: 

R + C - 35 V 2R + :^C - 70 ; V o« „ -^Vr « 12 

^4R+2C 94 :=:^ 4R -f 2C - 94 =^ —/^ 



"There are 12 rabbits and 23 chickens," he asserted * algorithmically ; ' 
When Bob was asked tvo compare his solution with Carol's, he replied / 
that there was no comparison. They were completely different: he 
did hl< algebraically and she just guessed, he Indicated. That he 
used an algoriChraic process and she used a heuristic after blockage 
of algorithmic processing was unclear to him. 



A Schemata for Problem Solving 

In thtt baseball fable; Nikola^ nfext attempted to find meaning- 
ful ways to classify the components of the phenomena under Investi- 
gation« As a discussion vehicle, the Soviet problem-Hiolving research 
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hju b£en categorized In the schemata in Figure VII. 1. The two ' 
aspectSi cybernetic and pedagogic, will be (fonsiderted In the two 
•ectlons that follow. * 



Soviet Approaches to Problem-Solving 
Research In Mathematics 



Cybernetic 




Heuristic studied 
as an aid to 
programming 



Programming as 
an aid to the 
study of heuTlstlc 



Pedagogic 




Individual 's 
problem-solving 
processes 



T!\e eff/ect of 
Instruction on 
probl^em-solving 
. procrfises 



Figure VII. 1 A schemata for problem solving. 



^ fl. Cybemetio Appx*oaoh 

Among the Soviet approaches to the stvidy of problem solving, there 
is a growing Interest in cybernetics and direct analogies between the 
work of computers and human thought. Cybernetics, as defined by Rubin- 
stein (1966), is fehe studyiof the "determination of processes in th^ 
course of which eath successive process is conditioned by the results 
of the preceding one." Jn terms of our working definitions, Rubinstein 
has broadened the concept of ^ilgorithmic and heuristic activity to 
include computers in the population of subjects « Algorithmic activity 
occurs when "conditioning" is reproductive; that is, when the deter- 
mination of a sucpeeding process is uniquely d,etermined by its 
predecessor. Heuristic activity, in contrast,, occurs when "condi- 
tioning" Is productive; that Is, when* the determinatioti of a succeeding" 
process is not uniquely guaranteed by its predecessor. Through Jj/tk 
generalization of definitions such as these, Soviet researchers n^e 
attempted to form a theoretic foundation for creating direct analogies 
between. the work of computers and human thought. 

On the one hand^' psychologists such as Tlkhomirov seek to inves-^ 
tlgate human problem-solving processes in order to apply principles 
used by man to perfect the development of computer programs for the 
solution of problems • On the other hand; some .Soviet psychologists 
such as RivkuB have utilised research on computer modeling of human 
behiivlour to develop models for Investigating Che study of heuristics « 
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Tlkhomirov and Poznyan»kaya (1966-67) Investigated the xise of 
visual search as a means of analyzing heuristics* They explored 
the application of a system of rules which lead th© subjects to a 
reducClon of the search space. Expert problem solvers were found 
to cTtfTate what was termed an "orienting zone*'* The 8ub;|ects would 
dperate within this zone In a non-linear fashion, leav4.ng and return- 
ing to possible solvit ion patios. TJie "orientihg zone" differs from 
a gespalt in that It Is open to an objective analysis by the subject, 

♦ In a fascinating follow-up study, Tikhomirov and Terekhov (1967>v' 
investigated the use of an "orienting zone" by blind chess players- >* 
Here the problem-solving process was largely externalized through 
tactile activity. Two distinctive forms of planning were noted. 
When the opponent moved in an expected pattern, ,the subject would 
generally react according to a developed plan. After a brief check- 
ing of the "orienting zone," a planned move would be made — an 
algorithmic activity. When the opponent moved In an unexpected fashion, 
the subject's pattern of checking the board would change greatJ^y. The 
Subject would search for a new plan which would include a new set of 
hypotheses concerning the opponent's plan. Included in this plan were 
hypotheses about affective measures. Tikhomirov ^nd Terekhov discussed 
their findings in terms of a gap between human processing and the 
heuristic machine. 

In a later study, Tikhomirov and Vinogradov (1970) investigated 
the effects of emotion in the functioning of heuristics. - Certain 
stages. of problem solving were found to, be capable of identification 
on the basis of vatiation in emotion. Here again the focus was on 
the investigation of human aspects of problem solving to perfect the I 
problem solving of computers. ^ \ 

Parallel to the exploration of heuristic activity of humans as 
an aid to the development of more reflYied programming has been the 
investigation of heuristic programming for its role in the clarifi- 
cation of human problem-solving processes • In a study of the process 
of solving geometric proofs by computer simulation, . Rlvkus (1975) 
examined the four major difficulties encountered in his attempts to 
simulate students' proof of geometric theories: 

1) Intuition rather than logic, found in many students' 
proofs. Students often relied on inferences made from 
drawings w These inferences* were then used by the 
students in planning their solution paths. 

2) A dif ferent\:la8«lf Ication of ideas as simple or com- 
plicated for man and for machine. . Some- proofs which 
arm easy for humans to solve require sophisticated pro- 
grmning techniques, while others which require f#w 
computer steps are ^relatively difficult for humans* 

3) Making creative aspects of proof algorithmic. For 
example » programnlng the computer to construct 
auxiliary lirtes^ It is interesting to ffotc that Rivkus 
defines "creative" as "that which cannot be programmed." 
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4) Ther ^Icomparative ef.f ec t Iveneaa of analytic and «y^n- 
thetlic methcrds of prob^.ein solving. The blend of 
^ anallysis and synthesis used by students did not have 

sufficiettt regularity to be used accurately in .pro- , 
graBBning"^ Che computer^ 

In analysing the results ,of the experiment, Rivkus calls for further 
exploration of the heuristic processes of humans in the areas' tdenti- 
ficKl i^a programming difficulties. 



^ ^' C. Pedagogic Appr\)aoh 

North American mathematics educators are perhaps. more aware of 
the Soviet pedagogical approach to problem-solvfng research than of 
the cybernetic approach. Since, the publication of the fourteen- 
volume set of translations of Soviet rese^ij^ch, Soviet^ Studies in the 
Psychology of Learning and Teaching Matheta'afeics , interests in Soviet 
method^ogy has grovm. 

Markova and Abramova (1978) distinguish between ^wo approaches 
to the psychological study of problem-solving processes, depending 
on the purpose of investigation. The first approach consists of the 
study of individual problem-solving processes as the premise of 
learning, and the second involves the examination of the development 
of these pro.cesses during some specific method of instruction^. 

A series of eight mini-studies reported by Semenov (1978) is 
representative of the investigation of individual problem-s61vlng 
activity^ Semenov used normative analysis to demonstrate the 
psychological reality of several components of the Soviet "th^ry 
of activity.** In this theoj:y the human problem-solver is viewed as 
bringing a complex system )pf operational, object-related, reflec- 
tive, and personal aspect;s to a task environment. Two tasks were 
used in the study: (1) **How many digit^ are used in paginating a 
book with 634 pages?** and (2) **To paginate a book, 1,164 separate 
ntunerlcal syrabcrls are required. How many pages are in it?" 

In the first mi^ii-study, twenty students were recorded as they 
thought aloud while solving the pagination problem. These solution 
patterns formed the norm for latter comparison. In the second and 
third mini-studies, the pagination task was varied for slmplif ic^i-^ 
tion of the numeric operation and clarity of the object'-related 
aspect. The protocols of each of these two groups of twenty 
subjects were then compared with the first group *s protocols. The 
fourth mini-study provided the baseline f6r the pages problem* The 
fifth and sixth^minl-studies provided Information on the refladtlve 
conponant of the cognitive problem-aolvlng activity* Hera tha 
noming groups for the paginection and pages problams ware askad 
to aolva the respective problem. The parsonal individual componant 
of tha cognitive problem-solving activity was in^aatigatad through 
a cottparison of the norms with the verbal solutions of 43 pairs of 
students working together.^ Semanov^s usa of normative analyala 
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provides an int creating qualitative analog to quaritita(?ive pretest- 
pbsttest 'analysis. 

The research of Lands and Krutetskil dcnnofist rates the peda- 
gogicA rple for JSoviet studies of an individual ' a problem-solving 
processes. Their research demonstrates Jiov Soviet theory evolves . 
from a. study of individual differences to an instructional models 
This transition is outlined in the fallowing schemata (Figure 
VII. 2). 



Diagnostic 
Experiment 



Construct 
Model 



Teach 
ftodel 



Posttest 



If successful y ' u se 



model in analogus area. 



If unsuccessful y improve model. 



Figure VII. 2. Schemata for evolving an instructional model. 



For over two decades, Landa (1975, 197^a, b) has directed 
cesearcli aimed at the identification of and instruction in a set 
of operations "sufficiently general" to aid in th^ solution of * 
videly different problems. In Landaus Investigation, into the 
processes of proof, he sought first to det«ftinine the thought oper- 
ations^ involved in carrying out a geometric proof and second to 
evaluate the effects of teaching these operations to pupils who 
had previously demonstrated varying degrees of ability to carry 
out a geometric proof. Students' ill-fated attempts to compPete 
geometric proofs were compared to successful attempts and logically" 
correct proofs. Landa created a set of problem-solving instructions 
by determining what operations were not performed by the Unsuccess-*^ 
ful problem solvers. This set was then systematically taught to 
those students who had demonstrated a lack of problem-solving* 
ability* Posttests administered to these students were used to 
determine whether the model of operations needed revision or 
whether it could be tested in some analogous situation in a 
different area o£^he curriculum. 

In order to trace the thinking processes of students^ ^ diag- 
nostic test on geometric proof was administered to 26 eighth and 
ninth graders who differed in general ability. The test was divided 
Into tvo parts. Administered first were t«iy "moderst* to difficult** 
proofs in which the necessary recall of knq|^edgs wss not direqtly 
elicited by thn diagram and often required suppleiasntfry constx^c- 
tions. This «et of problems proved to be extremely difficult, with 
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only 24.4 pertent as the average solution rate. Even those student 
claasifled by their teacher. as excellent solved 6nly an average of 
45 percent of the problems* Ttie students fated much better/(94.4 
percent) on the second set of ten "easy*' geonii^tric proofs^ in which 
the diagrams strongly "hintlM'! at the theorems required for their' 
solution. In an effort to control memory as a variable, the two 
sets of problems wei'e designed to retlfuire recail of tt\k same 
theorems^ axioms^ and definitions. FVirthe^ore^ the sttidents were 
directed to use their books or notes at any time thpy forgot the 
statement of a particular theorem^ axiom^ or definition. Three to 
four problems were. administered individually to bhe students in out 
o^--the^classroo\n sessions. During these sessior^s the students were 
requested to "think out loud" as they attempted a proofs with the < 
experimenter asking questions about the attempts to solve the 
problem^ He^tice^ by comparing a student's answers with the observed 
course of the solution process^ the experimenter attempted to trace 
the thinking process and discover ^hose chatactelristics of eacl\ 
student's analytic-synthetic operations whi(!^h were associated with 
successful problem-solving^ as well as those which gave'l^se to 
difficulties. 

In the second phase of the study^ Lands used observed "defects 
in the cognitive activity of students" (such as not knowing some v 
operations to try^ a lack of skill with some of those operations 
Icnown^ an insufficient level of generality of operations, a chaotic 
process for attacking a proof, and an ignorance of processes neces- 
sary for proof or even Qf what was being done) to construct a model 
of the processes that should be going on "in the head*'' of each 
student. The model was then formulated into a set of instructions: 

1) Separate what is given from whatsis to be prpven. 

2> Draw the roast immediate conclusion from what Is given* 

3) Go to what is to be proven and determine which of its 
attributes are ^1 ready giVen. 

4) Recall the sufficient attributes of the given figure 
and choose one of these to use as a basis for proof. 

5> Isolate the elements of the figure, imagining each 
element as a part of different^ figures^ 

6) Draw aiiy needed elements and let these serve aii an aid ' 
In analyzing the proof. 

• \. ^ 

,theae new elements may be the parts of^ other figures 
whose properties are necessiiry to the proof, dracir the 
figures. 

8) Make all cbnclusions possible on the baeie of these 
figures. 
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9) Re-read the 4>robleni to check glvens and what is tO'^be 
proven. ' f>^^* V 

10) Check the steps for a missed or Incomplete appliqiifel^ 
of the operations. ^ 

In Addition to these heuristics; a system of me ta-opeiriE^€ Ions 
created. These were designed to. clarify the Instructional^ tab 

aid in its implementation. Some examples of these 8upplemei(%' 

> ■■ ' 

instru(!tiQn8 are : ^ 

1) The rules do not set a rigid sequence of operations 

2) Recall all the ^attributes of the glv^fi figure before 
beginning the proof. 

3) Try to place the element in, as many possible figures as 
you can. 

After determining what operations students were not performing 
and developing a set of instruction? to tr^in students in the skill:, ^T^^ 
of proof, Landa tested the adequacy of his heuristic model". In |:hls 
phase » 10 ntnth-grade students from the original sample were taught 
a general .introduction, on the meaning of proor, followed by a system'^ 
of lessons on the set of operations* Each operation required >^bout ,v 
three lesson periods for explanation, lllustriEitlon, and pragfice. 
Fifteen specially designed practice problems were used to link e^cl^ 
newly learned operation with the get of operations previously *^(^ 
acquired. With a gradually decreasing dependferice on rule^related 
guidance, th^ students proved these geometric problems « 

The criterion measure was the degree of success of the students 
after instructfion on those problems from the first part of the diag- 
nostic test which they had bepn unable to solve^r— Care was tak6n to 
assure that the practice proofs differed from rae posttest items in 
general formulation, as well as with regard to the geometric figures 
involved. »A1 though the students sc^^ved on the average a respectable 
87 percent of the posttest problems, Landa places more emphasis on the 
quaLitative evidence of change in students* thinking processes pro-- 
vided by the protocols of the students' "thinking aloud." On the 
basis of quantitative and qualitative indications of the suitability 
of the hypothesized rnqdel of thought . processes ^ l^nda next attempted 
to test the applicability of the model in the- analogous area of 
language acquisition. 

A secon^ example of the pedagogic role of Soviet , studies of 
individual/ s^roblem^solvln'g processes is the reiesrch of Rrutetskii ' 
(1976, 197i^ * Krutetskii and his students undertook a series . 

of studi^ aimed at examining the formstlon and developvent of aathe- 
Mticsr^Dllltles. In a 1958 comparative study of the stteflq>ted 
paths to resolution of 15 algebra students (who hed been grouped by . 
ability) on 8pe<^ially organized sets df matheMSticul problem, 
Krutetskii (1969) identified three 'aptitudes ''esMiitlel for the 
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maatery of mnthematlcs . " These first foundations for the structure 
of mnthematlcal problem-solvln* abllltii^a are: (1) rapid, Retailed, 
sveeptng generalizations of mathematical material; (2) "curtailment/' 
the truncation of steps of the reasoning process; and (3) "reversl- 
blli^y** of ttiought, the process of switching from a direct to a 
revei^e tral^i of thought- (A definition of "direct" and "reverse" 
thouKht wili be given later, when Kmtetskll's three aptitudes are ' 
discussed Ih more detail,.) , - 

The ability to generalize mathematical material was characterized 
by m^ixlmal, "on-the-spot" generalizations. Capable pupils would often 
re8^>nd to a first encounter with a new mathematical principle or 
problem-type with -a mat hematic ally refined extension to very diverge 
examples and problems. For example, after one student ' s ^first Intro- 
duction to the formula for the square of a binomial, he immediately 
applied the formula to tasks such as finding the product of (C + t)+E) 
atui (C^b + E) and finding the square of 51. 

Krutetskll identified two distinct varieties of cuirtallment . The 
first Is an ability to truncate steps In the reasoning process con- 
sciously and meaningfully. This ability manifests Itself to varying 
degrees in all subjects after a generalization has developed. The 
process whereby a child develops the concept of addition of whole 
numbers is an , example of this form of curtailment. Given the task 
of combining 4 apples and 3 apple*, a child might first reply "one, 
two, three, four, five, six, seven ... seven." At a later stage the 
ch^ld will count on. A typical response would be: "four, five, six, 
seven ... seven." At a final stage the child will immediately respond 
seven." At this final s\:age the child's response is so quick that it 
is difficult (or him or her to indicate how "seven" was obtained. "I 
Just know it," is a typical reply. The second form of curtailment is 
closely related to this final stage. The distinction lies in the 
feeltttg that even th,e other stages have been curtailed. The subject 
has an ability to truncate steps unconsciously, as^evidenced by the 
subject's great difficulty in recreating the missing links. The 
following interview with Nanette (from unpublished research by 
Rachl In) will serve as an example of unconscious curtailment. At 
the time of the interview, Nanette was a colleg^i freshman enrolled 
in a non--credit intermediate algebra course because she had failed 
an exemption test. Her background included two years of high school 
^g«bra, geometry, trigonometry, and a senior honors course on logic 
and problem solving. 

Sxp«r:^nter: How much does a fish weigh, if Its tail weighs 
4 kg^ if its head weighs as much as its tail 
plus half its body^ and if its body weighs as 
mch tA its head and tall put together? 

NaiMtt«; (alflK>8t Innedlatttly) 32 kg. 

ixparlmanter : Hov did 3rou get 32 kg? 

Nanette: I don^t know, it just popped Into my head. 
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Experiment;^ r: Uell;^ suppose you were trying to explain the 
problem to another student. Could you 
them how to solve It? ^ 

Nanette: j (After ileveral minutes of unfinished starts.) 

This is what always happens to me. VThen I was • 
in high school I would get the right answers » 
but the teachers would mark me wrong because 
I couldn't show the work. 

After several more minutes Nanette completed 
>- her aolutlon to the problem, at which time she 

explained/ "That must be how I got It!" 

In his study of mathematical abilities, Krutetskil (1969) identi 
fled "the ability to establish 'reversible' (two-way) associations In 
the process of learning mathematical material" as a third essential 
aptitude for mastery of mathematics. This concept of reversibility 
is an extension of Piaget's "operational reversibility", as it appears 
in the work of .tohannot (1^74). Johannot, a student of Piaget, 
adapted Piaget's earlier research to high school mathematics instruc- 
tion. Johannot Id entifled reversibility as a predecessor to meaning- 
ful operations with number. For example » successfully responding to 
Piaget's conservation tasks Is said by Piaget to require the ability 
mentally to link an operation to Its inverse. Piaget's concept of 
Inverse requires a definition: for the operation of spreading home 
objects farther apart » for example, the inverse operation would be to 
BK>ve the objects back to their previous positions , closer^ together . 
In general, if an operation T transforms a st^te into a new state 
S2, then the Inverse operation T-l* transforms state S2 into state S^, 
(Piaget speaks of "reversibility," but the concept is actually that 

of mathematical inverse .) 

— - — — — I 

Johannot applied Piaget's extra-curricular studies of reversi- - 
bility In developing a theoTy of adolescent stages of reversibility 
based on tasks involving the meaning of complex f mictions and the 
solution of linear equations. Krutethskli Interfaced Johannot 's 
notion of reversibility with his exploration of mathematical ability. 
Krutetskil found that students who applicKi a short-form algorithm 
for multiplying the sum and difference of two terms varied in the^.r 
ability to recognize and apply successfully the reverse operation of 
factoring a difference of two square terms; As a final ,example of 
ravers lb 11 ity, Rachlln (In an unpublished study) asked a class of 
Intarmedlate algebra students to: a) write down two binomials, b) 
ORLltiply the binomials, ^ c) factor the product obtained. The 
•tudant responses to thefllst diractlon (c) were of thraa types. 
SoM students stated that the polynomial they obtained could not be 
factored. The majority factored their polynomial, but if they had 
never ORiltlpllcd the two binoaials to obtain the product. The 
remainder quickly wrote the factors and reacted' to the odd nature 
oj||' the question. Though all students had had experience with Multi- 
plying and factoring polynomials, they differed on the degree to 
which they recognized that one of these proceseee was the inverse 
of the other. 
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Krutetskll (1976) further delineated the structure of matheiniitlcal 
problem-solving abilities. This delineation was founded on the basin 
of an Interface of his earlier study with research conducted between 
1959 and 1965. Subjects used In the studies varied In age (from six 
to seventeen years) and In ab ill ties ♦ Three stages of mental activity 
in solving a mathematical problem were proposed* with #ne or more • 
abilities classified at each stage. The first stage (gathering the 
Information needed to solve the problem) requires the subject to have 
a formalized perception of mathematical materials. In addition to the 
three abilities Identified In Krutetskll's earlier study, the second 
stft^e (prQcesslng the mathematical Information) demands the ability 
to '•think In mathematical symbols/' a striving for elegance of 8t)lu- 
Clons and flexibility of thought. Finally, Krutetskll's third sta^e 
(retaining infoyttatlon aboub the solution) is dependent on th^ ability 
to remember the mathematical relationships in a problem and the methods 
of solution. 

■ / 

Further utilizing the "ticaching experiment/' Krutetskll (1973) 
explored the problem of overcoming the relative inability of sohool-- 
children to do mathematics. "At the end of a period of instruction" 
with sixth apd seventh graders, who had been classified as "Incapable" 
of learning mathematics (but at least satisfactorily learned other^ 
subjects), Krutetskll found an appreciable development of the mathe?- 
matlcal abilities of flexibility of thought, formalized perception, 
mathematical memory, and geneiTalizatlon. 

The interactive and longitudinal qualities of the "teaching 
experiment" permitted Krutetskll 's (1973) formulation cTf three "levels" 
of "problefc heuristic" Instruction in which, one after another, the 
elements o* formulating, posing, and solving problems are transferred, 
in reverse order, from the teacher to the pupil. Another example of 
the application of the "teaching experiment" in research on the teacli- 
ing of heuristics in mathematics is given by Kalmykova (1963, 1975). 
Included in her study of analysis and synthesis Is an observational 
Q^tudy of the teaching of Fetro^a, an elementary school teacher class- 
ified as an excellent teacher or^ problem solving. 

Reflecting Soviet research practice, Kalmykova provides a detailed 
rationale for her theory of classroom instruction. The observations of 
Petrova^s classes over a four-year perlod-of time (Petrova taug% the . 
same students each year) provided Kalmykova with an opportunity to 
investigate how well her theory was i:eflected in the instruction of a 
model teacher. Analysis of Petrova^s problem-solving Instruction indi- 
cated an emphasis on: reading the problem^ breaking doWn the text of a 
problem, differentiating concepts, substantiation, llexilble questioning, 
analysing errors as a method. of sdlvlng the problem^ alternative solu- 
tions, abstraction, schematic notation* graphic analysis^ and analogy. 
Kalmykova *s research provides an example of a team approach to the 
Investigation of the classroom phenomenon* 

The research of Zankov had <^perhapa the greatest effect on Soviet 
Instruction in the elemen|:ary school. On the basis of over a decade 
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of rcaaarcK^ Zankov (1977) and hlfi associates developed a new exper- 
liMntal didactic system^ in whlt^.h the individual aubJ^cCB of the 
curriqulum are laced with a new methodology for teaching. The 
experimental metlK)dology involved syfltematlcally varying the condi- 
tions under which a phenomenon was observed and investigating its 
relation to other phenomena In order to reveal the active in^luenco 
of the factor under study. The study was divided into four stages. 

In the first stage^ the framework of the new didactic sjrstem 
was created through a "teaching experiment" involving one class over 
a four-year period of time. By focusing on the work In a single 
class ^ it was possibl^ti to work oiit each segment of the teaching 
proce^ss beforehand and later to analyze each lesson. 

In the second stage^ Zankov expanded the network of expjerimental 
classed used in the study. Each year the number of ex;perlmental classes 
grewy as did the grade levels included in the experiment. By the end of 
the fourth year of the second stage; a total of 371 primary classes was 
involved. Quarterly workshops and visits by the research staff provided 
an opportunity for the teachers to be involved actively in the develop- 
ment of the new didactic system. 

The third stage of the study involved the compilation of experi- 
mental textbooks. One of the products of this stage was the prepara- 
tion of materials that condensed the former four-year primary program 
into three years. In the final stage, these materials were fields- 
tested in over 1000 experimental classrooms. It was at this stage 
that the non-instructional variables of the classroom environment 
became roost evident. Besides differences In school conditions (such 
as the skill level, experience, and work style of the teacher) ^ wide 
variations were a^o noted in conditions in the home environment. 
Zankov noted that ^he curriculaV aspects of the new system won imme- 
diate and wide-spread teacher support, but that the new methodology 
had not been accepted as an integral component of the system. 

In the area of problem solving^ Zrfnkov's research team explored 
the way pupils in the experimeivtal and conventional classes assimilated 
the concept of a "problem." Students were read five assignments with 
six tasks on each. • A£i:er each task was read, the students w^re aak^d 
to identify which of the tasks were problems and which were not. (An 
example of ^ "non-problem" is: "The teacher had notebooks with ruled 
paper and notebooks with graph paper • She handed thep out to the 
pupils. How many notebooks did each pupil receive?") A sample from 
each primary class was interviewed individually to establish the 
methods of classification. 

/ - ; 

Further studies conducted by -Zankov's team of researchers Included 
an investigation of the ability of pupllit in second-grade experimental 
and conventional classes to set up problems and solve them^ Zankov 
found ^hat among pupils in the experimental classss, the form ulation 
of^problems. takes on a clearcut structure: '*Xhe 4>roblem-8olving exper- 
ience they have acquired is flexible and yielding^ and adequate for the 
execution of ,a new assignment/* ^ , 
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. D. What Soviet Ratwaroh Haa to Say to Ameriaan Reoaaroheve 

Soviet research, aa exemplified by the preceding studies of mnthe 
matical problem-solving processes\ are Indeed varied in their approach 
The message which they carry to North American researchers may be 
fqually as varied. Upon reading a report of Soviet research for the 
first time, Weaternerjji are immediately struck by the surprising 
emphasis on discussions of national purpose. To the Soviet researcher 
these introductlona are more th^n a token 'playing o^ the national 
anthem before a sporting event*. Instead^ they are the researcher's 
method of establishing the philosophical foundation of the reported 
investigation. To understand Soviet research, one must understand its 
philosophic and historic foundations. 

■• ' • -' 

As the American research methodology in instructional psychology 
vas evolving from an emphasis on mental testing, the methodology of 
the Soviet researcher was evolving from a political and. social con- 
demnation of these psychological tests. With the issuance of the 1936 
resolution "On Pedagogical Distortions in the Coonvissarlat of Educa- 
tion" by the Central Committee of the Communist Party, a nev philo- 
sophy of an interrelationship between psychology and education was. 
developed. The educational environment of the child was established 
as the primary Ingredient for success in any given subject area 
(Menchinskaya» 1969) . 

Rudik, as reported by Brozek (1963), identified the following 
six principles of the Soviet psycfiblogy: 

1) The principle of materialist monism. Mental phenomena 
(the psyche) are a property of the brain. The psycho- 
logical processes are regarcjied as superimposed upon the 
physiological processesf . ^ 

2) The principle of determinism. Mental phenomena are the 
results of interaction between the prqcesses of higher 
nervous activity and the external environment • [S. L* — 
Rubinstein (1966) refers to the "dialectical-materialist" 
conception of dejterminism as the single proposition: 
"external causes act through internal conditions." To 

the Soviet psychologist "it is precisely the relation- 
ship between the external and internal connections that 
foni the basis of all phenomena, including mental 
phenomena*" It is this connection that ties Pavlov's 
theory of the external relations of organisms to mental 
phenomena. ] 

3) The principle of reflection. Consclodsness (mind, 
psyche) is a subjective reflection of an objective 
reality. Melatal processes are not regulated by special » 
iBBsnent laws» but have their roots in objective exis-; 
tence. ["It is not thinking that thinks^ but man ^ and 
it Is man and not his thinking that Is th« subject of' 
thinking (Rubinstein, 1966, p. 63).") 
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J, 4) Th« principles ot th«r -unity of conaciousnMS and 
•cclvlty* Man's mind is not only manlfefited in 
activity but it is formad in the process of activity* 
Km a corollary mental processes cannot be studied 
abstractly but only in connection with concrete forms 
of activity* [Hence Soviet teaching experiments 
attempt to catch processes as they develop.] 

5) The principle of his tor Ism » Mind (psyche, conscious- 
hess) develops in the process of the historical 
development of roaa. Consequently psychologists must 
atudy mental phenomena in reference to their genesis 
and bring out the social roots of different aapecta 
of man's consciousness and perifonality ^ 

6) The principle. of the unity of theory and practice ♦ 
Through their research, psychologists must. take an 
active part in the solution of practical problems met 
In the building of socialism, such as development of 
more effective methods for the training and education 
of the' coming generation. ^ | 

Searching for a new method of research, Soviet educational psycho 
loglats ^ulapted the '^natural experiment" of Vygotski. Questioning 
Piaget's position on the independence of the process of development 
from thfB process of learning, Vygotski (1963) theorisied a "zone of 
potential development," which^ recognizes th^at "what a child is capa- 
ble of doing when helped by others" serves as a precedent for "what 
he is capable of doing on his <:>wn." If we fail to recognize this zone 
of potential development, according to Vygotski, then Instruction will 
trail behttvd development rather than coax it along. In this light, 
Vygotski saw the Genevan clinical approach as a static, possibly harm- 
ful, method of studying tHfe development of the child , lacking the 
essential Ingredient of experimenter intervention (instruction) • 
From the Soviet philosophical foundation it is easy to see why 
Vygotski winild feel that the chief limitation of Genevan research 
lies in its inability to explain tjiie transitions from one stage of 
intellectual development to the next. The question of interest to 
Soviet psychologists would be: •^Why does the child proceed from the 
preoperational^ stage to the concrete operational stage and then to 
the formal operational stage?" (El'Konin, 1972). ^ 

Since the Soviets and the Genevans have different research ques- 
tions* it is not surprising that their research muthodologies also 
differ^ Tt^e Soviet clinical methMology can be cfiaracterlzed as a 
loosely scripted one-on-^ne audio- taped interview* The subject is 
^kad to "think aloud" as he or she solves a large number of currlc-* 
ulum related tasks. As a measure of the sons of potential (naxt^ 
proximal) development, a series of hints of increasing ipeciflcity 
may be provided* The Soviet clinical study Is also often longltudi-^ ' 
nal In nature, in ai^ffort to catch the devalopment of mental process 

The Genevan clinical methodology is generally a more tightly 
scripted one*-on<H(>ne interview. The subject is given a task daaigned 
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to be extra-curricular. The intent is to aseure the researcher that 
instruction will not be a confounding variable in the anal ye is. 
Often very few taaka are given and no hints are provided. The sub- 
jects are asked to retrospect on their solutions and provide reasons 
for their actions. 

The Soviet methodology is particularly^ exciting for researchers 
interested In claasroom phenomena. In addition to a dynamic curriculum- 
related clinical methodology, the Soviets have developed the "teaching 
experiment." As in Vygotski's "natural experiment," the evolving 
"teaching experiment" attempted to model processes as they developed 
in the classroom and to organize instruction to influence these pro- 
cessesroptimally . Some other general characteristics of the "teach- 
ing experiment" which have been identified by Kantowski (1978) are: 
the subjective analysis of qualitative data obtained in a clinical- 
interaction setting by recording verbal protocols, over an extended 
period of time; the planning of instruction in the light of observa- 
tions made during the previous session; extensive cooperation a^ng 
classroom teachers and researchers in categorizing^nd delectinjf 
students and designing lessons; and the use of small samples with 
probing intterviews and . exchanges with individual student^ to supiJort 
the generalizations of results. 

Recent Soviet investigations, such as that by Semenov (1978), 
have explored the affective component of children's ability to solve 
problems. Thinking-aloud protocols are rich with affective data. 
In a recent study, Menchinskaya and co-workers (reported in Davydov, 
1978) investigated the factors affecting school failures* Failure 
%rhich traditionally was explained in Soviet research on the basis 
of poor teaching or poorly designed curricula are now being explored 
on the basis of personal affective measures (e.g., a lack of motiva- 
tion to learn, a low opinion of oneself, a lack of cotifidence in 
specific atjilities, and/or delayed development of Various Intellec- 
/ tual abilities). Menchinskaya found these factors to be particularly 
evident during problem solving as opposed to performing routine tasks. 

S. Limitationa of the Ubb of Soviet Research 

Although interesV in phenomenological research is on the rise in 
the Western world, it is still difficult to obtain current research 
reports from the Soviet Union. It is hoped that this limitation will 
vane as the cost-benefit ratio swings in favor of funding for trans-^ 
latlons and as more students learn to read Russian* 

But» at the present time, the use of Soviet research is hampered 
by the fact that there is very little current mathematics education 
research available in English. The research reports that do become 
aivailable are bfilten outdated before they are even translated The 
Krutetskll text, published in English In 1976^ a decade after it .was 
published In the Soviet Unlon» has clearly had a grilat impact on ' 
current .thinking among North American mathematics educators. But 
Krutetskll^s work did not end in 1966. In fact^ Ktutetskii published 
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a nmM tmxt for teachers a year before hla earlier book was available 
>ln the West. Had It not been for an article In the Journal of 
translations 9 Soviet Education , In 1973, the Western world would 
probably still not know that Krutetskll followed up his work on a 
Qodel of Individual matheoiatlcal abilities with teaching studies 
aln^ at Improving children's abllltiet^. 

It Is Interesting to note that the first Krutetskll text has 
probably received more acclaim In this country than In the Soviet 
Union. (Other translations, such as those of Landa's work, have 
also sparked Interest in North America.) Since the publication of 
the Krutetskll text, Krutetskll has been viewed by North Americans 
as one of the leading educational psychologists in the Soviet Union. 
Yet, when Romberg (1979) recently vipited Moscow, he found that many 
psychologists there were perplexed by our selection of Soviet research 
for translation into English. Perhaps this reflects a closer philo- 
sophical position between Western researchers and Krutfetskii's work 
than exists between Krutetskll an^his fellc^w Soviet researchers. 
More likely, the selection process of determining whose work' should 
be available in translation is inevitably based on individufll Judg- 
ments and is necessarily op^ to disagreements. 

Unfortunately, there are very few North American mathematics 
educators fluent in Russian. Nor are there many Russian translators 
fluent in mathematics education. Hence, the choice of which publica- 
tlofns to translate is a difficult one. At present selected passages 
are translated to pass on to others for review, but someone must 
decide which passages to translate. Somewhat related to the trans- 
lation problem is the one of interpretation. The Soviet i;eporting 
style is rich in rationale and analysis, but weak in providing a 
statement of the methodology which would enable ot facilitate repli- 
cation. Much could be gained by having North American mathematics 
educators participatd^ng in exchange programs to study the Soviet 
methodology. 

F. Summary of Advantages and Opportunities 

Investigating Soviet research is like looking into ai^ orange 
crate^ rather than the famed *'black box." At first glance you don't 
see Anything but the crate, the outer cover. You know that it exists 
and assume there must be something inside. Then, on closer inspec- 
tion, you find that you can indeed s^e pieces of the contents — pieces 
that entice you and make you anxious to see further. But no matter 
how you 'stretch your eyes^' you can't see the entire contents. 
Maybe it shouldl be enough that what you are able to see sparks new 
ways of looking at your own %rorld. Yet» there Is alV4iys the anxiety 
that comes from realizing that unless you can get Insldtt you'll never 
know what lies behind the slats. 

As it was for Nikolai in the baseball story » it is difficult 
after a brief Introduction to the Soviet research to determlnt whiSt 
to focus on. Our philosophies are indeed different » bu( our problenui 
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are v«r^ much alike. If the Issues of the relative merits of quanti- 
tative vs» qunlltatlve research are made focal ^ mu^ will be lost in 
the translation. Before such external Judgments of fight vs, wrong 
in methodology are rnade^ Western researches rs would do well to exper- 
ience qualitative research. A Soviet-style teaching experiment is not 
a spectator sport « Soviet, research can provide a vehicle for helping 
Western researchers break away from their mind-eet of how phenomena 
must be investigated. 

The task*.. is not so much to state a single solution to the 
large problem that will be suitable for all countries but 
primarily to demonstrate with patience and all possible 
objectivity that different approaches to jthe problem and 
different solutions of It have a right to exist* In our 
time there is nothing occurring in the field of education 
similar to what occurred in mathematics of the last ceRtury 
viien everyone gradually realized that It is impossible to 
attempt to refute every non-Euclidean geometric system andi 
that science is enriched if the notion of ''geometry" in th^ 
singular is replaced by geometries in the plural • However^ 
as distinct from strictly fixed geometries , such as those 
of Euclid, Lobachevski-Bolyai^ or Riemann, which break down 
if the nature of their underlying axioms is changed, the 
premises and postulate which form the basis of education 
of a certain country or group of countries evolvfe and can 
be changed, thus producing progress in the school system. 
And one effective means for such evolution is international 
exchange of experience. This is why such exchange has 
important practical as well as theoretical value and why it 
is necessary. In discussing Qveh suth a special question as 
problems of mathematics education, to become acquainted with 
those general conditions under which this question is solved 
in various countries (from an address to the plenary 
session of the First International Congress on Mathematics 
Teaching, 1969 (Markushevich, 1971)].^ 
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Chapter VIII 

■ \- 

Abother View of 

The Value of Studying Mathematics Education Rese^jitch 
and Developnient In the Soviet Ui^on 

Mary Grace Kantovskl " 



^ A. Intiroduatton ^ 

Research and deyelopinent are, by their very nature, "contlnuailly 
changing. The knowledge generated by research glvet^ rise to new ques 
tlons to be studied, new Instructional techniques to be tried, ppd 
curriculum changes to be made. Two decade^ ago researchers felt 
hampered by their Inability to deal wl|:h quantitative datai The 
advent of the technological era that led to greater accessibility of 
powerful computers seemed to herald the coming of a jpanacea J^^r the 
educational researcher. To deal with Increasingly complex data; mbre 
sophisticated statistical teftts were developed,, jatid the capability of 
technology to handle such data easily kept pace^ As a rigsidult of fhla 
phenomenon, a great deal of new Information has been utjupoVered^ . It [■ 
Is becoming increasingly cleat*, however, that th^ sophisticated ; 
statistical tests were developed, and the ca^bllity of t^chndlogy 
to handle such data easily kept pace. As a result offliils phenomenon 
a great deal of new information has been uncovered,, Xfr la becoming 
increasingly cleay, however, that the sophisticated statlrtiltal tecb^ 
niques' for which%he calculations could be groujid out by the comj[>ute^r 
in seconds could not lead researchers Into the promised d^andv ^ " ' 
Recehtly the process of evolution of research In mathematics educa- 
tion has given rise to more than a new pody of quantitative Informa-- 
tlon about the teachiipg-li^ajfTilng interaction* Some h( the mcJre 
prpblng questions spawn^di by recent studies clearly ipolnt , to a nee^ 
for a new methodology that would deal with many of the questions, of 
•Tiow" and "why" that cannot; be answered by tests of significance^ a 
methodology that wf>uld deal with qualitative ciata« 

Another, related need has emerged Although there has been a 
proliferation of research in mathematics education during the last 
tVD decades, many._classroom teachers . fall to see the applicability 
of the results to their real-life school situations^ even when 
statistical significance is found. ^ Many research studies deal with 
one idea in a very carefully controlled environment thjAt appears to 
the classroom teacher to hm highly unrealistic^^ l|ndenlablyft such 
rsM^rch is needed and very^aluable, but there is alieo a need to 
supplement results foi^nd inlaany such short-tem\ saall-ecale 
studies with investigations^ carried out in actual cl^aasroov situiik- 
tions. The real %iorld of ti^e classroom exists with winy uncontrolled 
— and uncontrollable — variables » Surely this real world shotad be 
studied » too« The call Is for new research procedures that would' 
allow studies to be undertaken in actual school situations. 
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This need Is felt In many areas* Cronbach notes (1975) that 
'Vs cannot afford to* throw costly data down the drain whenever 
effects present In the sample fall to reach significance/* He 
adds : 

Instead of making generalization the ruling ppnslderatlon 
in our research^ I suggest ^that we reys^rse our priorities • 
An observer tollectlng data in one particular situation is 
in a position to appraisers practice or proposition in 
that setting^ observing effects in context. In trying to 
describe and account, for what happened^ he will give atten- 
tion to whatever variables were controlled^ but he will 
give equally careful attention to un^rontrolled conditions » 
to personal characteristics^ and to events that occurred 
^ during treatment and mea(0rement. As he goes from situa- 
tion to situation^ his first task is to describe and 
lnt«cirpret the* effect anew in each locale^ perhaps taking 
into account factors unique to that? locale or series of 
events. As results accumulate, a person who seeks under- 
standing will do his best to trace how the uncontrolled 
factors could have caused local departures from the modal 
effect. (pp. 124 ff.) 

These remarks also imply a call for a ne^ research methodology^ one 
sensitive to haturallstic data and to cause-and -effect relationships. 

A channel of communication is also greatly needed In mathematics 
education. In preparing tp do a study » a researcher geherqlly 
searches the literature carefully to find out what has beea done 
and how the proposed study is related to what is known. ^ Unfortu- 
nately , due to time lags and other uncontrollable v/iriables, there 
are communication gaps that result in duplicated work and overlapping 
studies. A communication network connecting researchers with conmon 
interests could allevia'^te such a problem. A collaborative effort in 
which a series of related studies are undertaken would also help to 
bridge the communication A^P^ among researchers and curriculum 
developers in mathematias education. 

Finally^ there is a vrod in mathematics education to integrate 
the findings from related fields with research in mathematics learn- 
ing. This is ^specially true in the field of psychology whc^re^ for 
example » there are many developmenta!). studies and studies related 
to spatial ability that would be of Interest to mathematics educators 

Cleerly^ many research and development needs In mathematics 
education exist in the U.S. The needs described above may be roughly 
categorised Into the functlon^l ^ those related to methodology and^ 
other technical and organizational aspects of research and develop*- 
sent; and the substantive ^ those dealing with content and Instmctlon 
specific to the learning of mathematics Itself « A^^^ most 
pressing functional needs are means to analyse and syntheslse qui^li- 
tative data^ methods of integrating the findings of^ research and 
development with actual classroom (iractioe^ and viam# channels of 
conmunication and collaboration IhdDng mathiimatids educatots and 
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b«tw««n nathematlcfl educators and experts In other fields. Questions 
related to the substance of nathenatlcs Include the study of mental 
processes, and questions on the development of spatial ability and 
the relationship of spatial ability to mathenatlcs learning. 

Is not uhusual tliat a compTaFiiry Jiffi^ lk>lnt of vlav 
vUl often provide inalghta Into a probleoi and prottota nev ld«iat 
on way^ to approach' a given situation. Although research and devaXop- 
nent practices In the Soviet Union may not be completely applicable to 
our needs, the Soviet work In these areas Is so rich with ideas and 
..•Concepts that are new to us that an in-depth study of their work can* 
;^'nat help but add a new dimension to our thinking in thesc» areas, and 
Perhaps point to some new directions* 

■ t 

B. Soviet Praatiaee Related to Our RSD Needs 
Reeleartjh Methodology 

N^*Jn studying Soviet research literature, one is struck by two 
chir^»<^rlstlc8 — an emphasis on details of the thinking processes 
of individual students and an emphasis on research conducted In 
actual O ass room situations. The Soviet educational research 

thoddl^gy was shaped by Lev Semyonovich Vygotsky, whose influence 
s'Tj^lll' e^^dent in the work of the Soviets today. Vy^otsky believed 
% Y?\that men^^ is not inherited but formed, and that the develop-- 

^ W abilities is totally dependent on instruction; if a 

C Al^hlld ^1^4 <not learn, it was the fault of poor instruction. This 
*^^j>ffemise to the integration of psychological and educational 
^seaft^l t^^ various Pedagogical Institutes In the Soviet Union, 
'Nl||i|ere>^n« |)rlmary objective of all research was seen to be the 
liflprov^ment ofMnst ruction. Thus, the emphasis in research is oo 
teaching methods that are most effective In producing Independent 
thinking at a high cognitive level. 

Vygotsky proposed what he called **gene tic** research methodoilogy 
that would deal with qualitative rather than quantitative data. He 
was particularly interested in observing thinking processes as they 
developed and in trying to determine the instructional techniques 
that werti most effective in promoting learning. Th* Soviets charac-- 
terlxe this form of research as dynamic , since It la designed tp 
deal %rlth movement — movement from ignorance to knowledge, from the 
l^vel of a simple operation to a more complex, frca a problem to a 
solution. The methodology Is designed to "catch** processes In thefr 
development ^during this movement. 

Vygotsky*s emphtols on process contlmiee to Influence research 
aai developoient In the Soviet Union* His individual experiments 
evolved into the **natural experiment** which» according to Kalmykova 
(1967)9 was first described by Lasurskii. A natural experiment (as 
opposed to the laboratory experisMnt) is undertaken in a *chodl 
setting and uses as its content material froq the school curriculume 
Kalmykava admits that much of the^ validity of the natural experiment 
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dttp«nds on the skill of the creators of the methods used, as well 
mm thm peculiarity of ch« processes studied. She not^s that a 
great deal of attention i<i paid to standardizing Instruction and 
clarifying the conditions of the experiments, but admits to some 
aeamirc of 8ub:I«c riVlty And lAcfe of cbhfcrol . She afgue's/ however . 
that the ti^ade-off la worth being able to operate in the real 
world. She describes two forms of the natural experiment—the 
aaoei^taining expevi-ment and the teaohing axpermmtt. 

The Asaertaining Experiment 

Although thm teaming experiment Is a methodology that has 
evoked more discussion In the United States, the ascertaining exper- 
iment has Just as much potentlil|!l jfor application here. As the name 
Implies, the purpose of the aa<*ertalnlng experiment Is to examine a 
knowledge state or pattern of behavior as it exists In some popula- 
tion. It Is most often under;t»keh to gather Information about the 
status of a skill or ability or to determine error patterps as a 
P'^^J^^* ^° diagnosing reasons for ^uch errors. The clinical method- 
ology la generally employed. Data are coll^^ted by having Individual 
students think aloud while doing mathematlca^f at times ^tudents are 
also asked to examine their work In retrospect and to explain the 
procedures used. Results are reported by noting generalisations 
formed on the basis of qualitative analysis (often professional Judg- 
ments) of the data. Kalmykova (1967) points out that the ascertain- 
ing experiment do«8 not allow experimenters to make Judgments regard- 
ing the acqulsitlpn of knowledge, but to "determine the peculiarities 
of assimilation arid application of knowledge and of the formation of 
habits and of the modes of intellectual activity under given, 
alreat^y formed conditions of learning" (p. lA) . Perhaps a few 
examples would clarify the notion. OiJe; of thfi earliest ascertvainlng 
studies, a classic one, was conducted 'b<jr N. ^Menchlniikaya (1969a). 
Disturbed by the formalism in matheiiiatics ins true tlor^and the lack of 
creative thinking in problem solving among studenjta, Menchlnskaya 
undertook a study to trace the thinking. processes during problem 
solving that could lead her to suggest improvements in techniques 
for problem-solving instruction. She was interested in how a problem 
was recognized and understood, how pi;oblems were approached (e.g., 
verbally or visually), and the relatiottahlp. between productive and 
reproductive thinking. She looked at problem solutions by subjects 
from first grade through adult; by subjects judged to be. poor, 
average, and good; and by subjects who had some degree of organic 
brain damage. 

In response to her first inquiry (how a probl^am was viewed, 
racognised or understood), Menchinakaya waa able to isolatl'e four 
■odas-of operating which aha saw aa four developnantal atagea or 
lavala of performance. Subjacta who perfomed at tha first at age 
vlfwed a problem aolely in tema of numarlcal data; in tha aacond 
ataga, the problem waa, not underatood aa a whole* so that each part 
vaa approached aeparately and not related to tha whole; in tha third- 
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>f y » subjects agsln looked at parts of a problem, but then related 
tha parts tijy the entire problem. Only In the, fourth stages did sub- 
jects see the problem as an Integrated whole and approach It that 
va>u Related to her second question, Menchinskaya found that weaker 

students preferred worklnjj wlth^^ 

stronger students acted ^ymbi^i^lcally . She noted Interesting spatli^l 
schemes of solutions as well as verbal ones and found that some 
students had difficulty verbalizing Images and thought processes # 
Finally, she found that the use of productive or reproductive thought 
was related to experience; and that problem solving began with repro- 
ductive thought, then. If pursued, took on a more productive character 

From her study, Menchinskaya concluded that the type of Instruc- 
tion used In schools needlessly detalhed students at lower stages of 
problem solving by forcing. them into artificial analysis that hampered 
creative thought. She suggested tliat the study of devices used by 
adults and more experienced problem solvers could give valuable direc- 
tion for Instruction. Broad suggestions for -instruction included the 
need to emphasize comprehension of the whole of a complex problem, 
to teach various modes of operation, and to make pupili^ aware of 
their own thinking processes. 

Menchinskaya *s vagueN results, sweeping generalizations, and broad 
suggestions for instruct ion could be viewed critically by some Western 
researchers. Although some degree of criticism mlgh&be warranted, 
it should be noted tha^ her findings were not meant tl be accepted as 
firm conclusions to be Implemented in the classroom immediately* Her 
suggestions were used to form hypotheses for later studies: thus 
Yaroshchuk (1969) studied the st£(ges of problem solving identified 
by Menchinskaya in greater detail- with larger samples and analyzed, 
htm data quantitatively as well as qualitatively, and Gurova (1969), 
among others, did further atudy of the effects on problem solving of 
pupils* awareness of their own mental processes* The suggestions for 
^Hq^rovement in Instruction served as a foundation for a teaching 
exp^lment related to problem solving (Kalnykova, 1975). 

^rtemov* (1975) conducted an ascertaining experiment to examine 
theuBB of auxiliary lines in solving geometry problems. He was 
/interested in determining the basis of students' construction of 
auxiliary lines, again with a view to proposing instructlofial tech- 
niques that might imprl^e student performances. He found tlhat an 
overwhelming number or students made bllnd» random constructions ^ 
and that the few students who made productive constructions did so ^ 
on the basis of an operational proposition (that Is^ a proposition 
related to some definite goal^rienbatlon; see Talysina^ 1970). He 
concluded that the obstacle to the construction of auxiliary lines 
that aided the ^solution was the lack of a store of opera tlon^y^pro- 
positions. He then followed this study with a teaching experimMit 
in which he testedi his hypothesis with a smell number of students. 

Some very interestitig ascertaining experimentft hav* been con- 
ducted in the Soviet Auxiliary Schools (schools for retarded 
children). In on^ such study^ Kus^mitskaya (1975) tri#d to 
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pinpoint the source of auch children's difficulty In completing simple 
mathematics exercises. First she studied how students reproduced the 
statement of the problem, and IdontifleU four types of reproduction: 
1) fundamentally correct; 2)v jfitructure correct^ data changed; 3) basic 
a t rueture changed ; ^nly-^lnndlvtduai Trompoiiim 

altered; and A) no reproduction (refusal). In an example of the 
third type^ the problem read: 



c)jJ 



There were 19 plain pencils and 6 more cjjlored than 
plain. How many colored pehcils were there? 

Pupils reproduced the problem to read: 

There were 20 plala pencils and 10 fewer colored 
ones. How laAtiy colored ones 'were there? 



or 



There were 19 plain pencils and how many other 
pencils were there? 



or 



There were 18 plain penclJrts and 10 colored ones. 
^ How many colored ones were there? 

The data maddT it clear that much difficulty existed even before mathe- 
matical operations were performed and that instruction must speak to 
^ that difficulty. 

In studying solutions to problems^ Kuz'mitskaya noted that the 
relationship between reproduction and solution was complex^ but she 
did find the following regularities^ 

1) When the conditions of the problem were reproduced 

1 erroneously^ the problem was usually solved accord-- 

lug to the reproduction. 

2) In some cases reproduction was erroneous but the solu- 
tion was correct, pointing to a discrepancy between 
what is thought and what is said. 

3) Even in cases where a problto was reproduced correctly, ^ 
it was often solved Incorrectly. ^ 

Kus^mltskaya noted that the chief differences between her subjects 
and children in the public schools was the peculiar dissociation of 
wording from content; that the second signal system (speech) was some- 
how isolated from the flrat (thought). Based on these observations/ 
sh« ttade suggestions for instructional experiments. 
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Tfitf Teaching Experiment 

Ihm ascertaining experiment was not Intended to look at the 
acquisition of knowledge. Tlie kind of natural experiment devised 
for that purpose is the teaching experiment ^ Introduced by 
Menchlnskaya. The objective of the teaching experiment Is to 
construct methods of Instruction In accordance with a hypothesis 
outlined on the basis of observations and preliminary experiments , 
and to study the effects of those methods of Instruction. Hie 
Instruction may be preplanned or agreed upon by researchers and 
teachers during the course of the experiment. Often changes are 
iBade as the research continues. In a teaching experiment, inat men- 
tion may be one-to-one or In a classroom setting* Even In the 
latter case, which Is growing more popular, some data are usually 
gathered from a sampling of "strong," "average" and '*weak" repre- 
sentatives of the group(s) under Instruction.! The data gathered 
from these subjects are •generally qualitative, obtained In a 
clinical setting by recording verbal protocols for future analysis. 
Because the emphasis Is on process. It Is not uncommon jfor the 
experimenters to give hints to the subjects during th< testing 
sessions. In this way the experimenter Is able to observe the 
development of certain processes. 

Menchlnskaya (1969b) describes two forms the teaching experiment 
may take. The first Is what she calls the experiencing form . In 
which only one mode of Instruction Is used and observations are made 
under this mode of Instruction to evaluate Its Influence on mental 
processes. A second, less common, form of the teaching experiment 
Is the testi ng form. In which two or more methods of instruction are 
compared. , This form of t4>e teaching experiment Is closest to our 
experimental study. 

The experiencing form of the teaching experiment was used by 
Krutetskii in His series of studies on mathematical abilities (1965, 
1969, 1973, 1976). The investigations were conducted between the 
years 1955 and 1966 using students frota the second through tenth 
grades. By analyzing solutions' of carefully organized sets of prob- 
lems over extended periods with the same students, Krutets^H was 
able to delineate characteristics of mathematical ability. The 
organization of the problems was Instructional and, as the problems 
were solved, n^ental processes were observed In their development. 
Problems included those requiring generalizations^ algebraic proofs, 
and those \^±t\i visual -graphic and oral -logical components, among 
othars. Krutetskii emphasized .that although soma quantitative data- 
ware gathered (the number of problems solved and tha time to solu- 
tion), the dynamic Indices, such as pirogr^ss In qualitative aspects 
of problem solving, were, more valuable than the static, quantltairlve 



The terms "strong/^ "average" and "weak" are not defined in the 
Soviet literature. Most probably the decision about which group 
in irtiich to place a subject is made subjectively by the experi- 
oMinter and/or the teacher 
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on«s. This 1b reflected In the componarfta Krutetsltll enumerated 
In the structure of methematicai abilities » namely (1) t^p formallted 
perception of mathematical material » (2) quick and sweeping general- 
isation of mathematical material » (3) curtailment of thought^ (A) 
flexibility of thought^ (5) striving for economy, and (6) a mathe- 
OMitical memory. In his earlier writings^ Krutetskli included spati^al 
skills in the structure, but later removed It from the "obligatory" 
structure. 

Krutetskli, a deputy director of the Research Institute of 
Central and Educational Psychology at the U.S.S.R. Academy of 
Pedagogical Sciences in Moscow is, perhaps, ^he individual with the 
most potential for Influencing research in mathematics education 
here. In the introduction to the English translation of Krutet- 
skli '}§ work (1976), Kllpatrlck predicts that Krutetskli ' s impact 
on mathematics education could equal that of Plage t. 

Another excellent example of a teaching experiment done in the 
experiencing form Is the Kalmykova (1975) study. The question 
Kalmykova was researching involved the components of successful 
instruction for, solving verbal problems. To determine components 
#f such instruction, she observed several teachers in their own 
classroom situations over an extended period. The. students of one 
of>tl|i^ teachers, Petrova, were consistently more successful in solv- 
iq^ problem!^ than students of other teachers. Kalmykova tried to 
||iiolate the techniques used by Petrova that were different from 
pilose of the other teachers, and thus could account for her 
students* success. She found that Petrova spent a great deal 
of time on understanding the problem, on thinking through the 
solution before beginning to operate, and on allowing the students 
time to reach a solution independently. Kalmykova then analyzed 
the protocols of older subjects who were successful problem solvers 
^and isollsited several techniques they used. She combined i^)ese tech- 
niques (which she labeled auxiliary methods) with Petrova's instruc- 
tional practices to propose an instructional model, which she then 
tried with a small number of students. 

Kalmykova *s model has great potential for the development of 
Instructional sequences. It is so simple^ yet Ingenious: observe 
behaviors that lead to success and those that do not; Isolate 
differences; propose a model using successful techniques; test the 
wdel. As with ^he other designs us^ by the Soviatfl* this model 
is extremely time-consuming and would require cooperation of 
teachers and iKlministrators^ but it has great possibilities^ par- 
Cicularly for finding Instructional techniques that Would work for 
.populations that^tradltionally have a difficult tine learning mathe*- 
Mtics. 

An interesting teaching experiment using what Menchinskaya calls 
the testing bode was also conducted by Kalmykova (1958) with a class 
of physics students. Tlie methodology used la similar to our Aptitude- 
Treatment -Interactioif design. Kalmykova used 'two methods of instruc- 
tion and identlfleci two groups of students. Although there were no 
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statistically significant results based on quantitative data» 
Kjiloykova concluded that one method was better than the other 
for the slo%M!r students, since findings based on the analysis 
of protocols of students solving the problems Indicated a higher 
level of cognitive activity In the slower students* 

• 

In a series of studies related to geometry* Zykova (1969a, b) 
used both forma of the natural experlm<;nt» Us^ng the ascertaining 
form, she discovered that sixth graders depend very^heavlly on 
visual Images in their learning of geometry. She also found, after 
a long series of protocol analysis, that a good number of misconcep- 
tions In geometry arise because concepts In geometry are generally 
taught using diagrams In "standard form." Thus, students Incorrectly 
generalize, for example, that there are only two diameters of a 
circle — one horizontal and one vertical; that a right triangle must 
always be "sitting" on one of Its legs; and thaf the base of an 
Isoceles triangle Is always horizontal. Zykova hypothesized that 
the students would learn the concepts more correctly* and thus 
become better problem solvers. If diagrams used In Instruction were 
drawn In non--standard form. To test this hypothesis, Zykova used 
the testing form of the teaching experiment . Again she analyzed 
protocols of students to whom geometric concepts were presented 
using nonstandard diagrams, as well as protocof^of those taught 
using standard diagrams. Based on analysis of t^ data from l^p^ 
protocols, Zykova concluded that her hypothesis supported 

These summaries are. gross oversimplifications of the proce- 
dures and findings of the studies described. The true spirit of 
the resear%ii and richness of the findings can be appreciated only 
if one reada^ the report of the studies and becomes involved in 
trying to Interpret the meaning of the protocols. One of the 
difficulties /inerlcan researchers have In reading a Soviet research 
report is thair it Is highly descriptive and includes a good deal of 
anecdotal evjxlence open to a variety of interpretations tha\. depend 
on the experiences and even the biases of the reader^ 

Spatial Ability 

A question that has stirre<l a great deaX of interest among mathe- 
Mtics educators recently is that of the relationship of spatial' 
ability to the other mathematical abilities and to achievement in 
methenatics. In the U.S. spatial ability is generally treated as 
an aptitude » with the assumption that it remains relatively stable 
as an individual develops. One of the most fascinating itotlons 
seen In the Soviet research on spatial ability is that this ability 
is not static^ but may be Improved under instruction. Vladlmerskii 
(1971) has put forth a series of exercises for sixth*«**grade and ninth- 
gtmim students that he clalas will ^Improve spatial imagination^ The 
sixth and ninth grades were selected for administration of the exor- 
cises becaufe of the relationship of the mathematics curriculum at 
those grade levels to the content of ,the exercises^ A large tegment 
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of thm sixth-grade mathematics ayllabua ia davotsd to tha gaoMtry . 
of tha plana^ while the study of three-space ami thraa--dlmenaional 
figuraa begins in earnest in the niAth grade. Logically^ tha aixth- 
trada axarcisas are designed to improve what Vladiliarakll calla 
apatlal Imagination in the plana » while the ninth-grade program 
daala %rith three-spake. Many of the exercises daal with figuraa 
in nonatandard positions both in the plane and in three-space whlch» 
aa Zykova found in the studies cited above » helped students in 
correctly learning concepts. Other exercises deal with transforma- 
tions of figures and mentally operating with them. The exercises 
themselves make an interesting study; the question of if and how 
apatial imagination can be trained is one that deserves investiga- 
tion and aupport« 



The Geometry Curirioulum 

In a related area, there is a great deal of discussion in the 
U.S. mathematica education community concerning" the role of geometry 
in the mathematics curriculum. By and large the atudy of geometry 
in the U.S. is concentrated in the traditional formal course' in the 
secondary school. Although some geometry is contained in elementary 
achool textbooks, its actual inclusion in the school curriculum 
quite often depends on the decision of the individual teacher to do 
more than Just a mlnioium of work in geometry* Usually a token intrb- 
ductlon to some basic definitions and some common theorems is the 
only geometry covered at the elementary level. In the Soviet Union^ 
on the other hand, the study of geometry is an Integral part of the 
mathematics curriculum from the early years. The Soviets follow the 
Van Hiele model (Wirszup, 197A) in their geometry sequence. Baalc 
geometric structures are systematically Introduced very early in the 
curriculum. Relationships among structures are introduced <^ later in 
the elementary schools, as are some of the metric relationships and 
the applications of some of the common formulae. In the sixth glradSt 
for example, getometry is studied for two hours each week. The work 
Includes constructions 6f altitudes and medians of trianglea and 
properties of parallelograms and symmetries are atudled and the 
Pythagorean theorem is introduced. In the eighth grade ^ there is^ 
an interesting integration of arithmetic. and jgeometry in the ayllabua. 
Ratio and proportion are Inttoduced in arithmetic; gaometiry topica 
include, almilarity, propor tionality» theorems on altitude to the 
hypotenuse of a right triangle, and theorems related to circlea. 
Sample test questions illustrate how the work la Integrated » as well 
aa the level of work expected from the student; 

S«i^»l« Problra 1: Construct a right trlangla on th« bMl« 
of a 3:7 ratio of Its lags and a glvan altitoda drawn to 
tha hypotanusa. 

Sappla Problam 2: A tangant and a sacant draim ftoii tha 
/■ /point A to a glvan clrcla ara aqaal to 16 cm and 32 cm 
I y/raspactlvaly. The sacant la 5 cn from tha cantar. Find 

tha radius of tha clrcla. 
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S«ipl« Probl«m 3: Th« connaon chord of two lnt«r««ctlng 
clTclM Ifl cxt«nd*d. TAng«nti Ar« draim co th*a« clir- 
cl«« from a point taken on the extenalon. Show that 
thalr ■•gmanta from tha glvani point ata aqual. 

— \ 

In the ninth- grade » geometry la attidled more rlgoroualy. Deft- 
nltiona^ theorema, and axioms related to properties of the plane and 
three-space are introduced. Finally in the tenth grade^ more complex 
theoremli related to three-space and polyhedra are atudied. Through- 
out the curriculum^ the ability to operate with geometric concepts 
£s given as much emphasis as is computational skill. There are advan- 
tages to the "^arly introduction to geometric concepts and to expert 
iencea in which manipulative materials are used and formulae 
representing geometric relationahips are used. When atudents are 
ready to reason formally^ they will have had a good deal of experience 
with the concepts. 

In the U.S.» geometry is treated as a deductive system, with 
emphasis on formal reaaoning. Ihdeed, spme of the opponents of 
leaving geometry in the secondary curriculum argue that th^ study 
of logic could accomplish the same goal. Chetverukhin (1971) gives 
aii interesting argument that could refute those who would remove 
geometry from the curriculum or replace it with logic. He auggests 
that there are two modes of Instruction in geometryt the formalr 
logical and the visual -applied . He observers ^quite correctly that the 
emphasis has been on the||ormer method and that the latter has been 
neglected. By observing protocols of students learning geometry » 
however » researchers have gathered evidence that students who com- 
plete correct formal proofs may actually be reasoniAg from the • 
diagram. Chetverukhin concludes that there is a need for^ emphasis 
on the active use of the diagram in instruction in geometry. 

Many Soviet researchers have studied the influence of the 
diagram in solving geometry problems. Studies range from* Zykova's 
study (1969a) » in which she dealt with very simple concepts in 
geometry and the false generalizations made by students as a result 
of substandard placement** of a diagram, to a series of studies by 
Artemov (1975), in which he dealt with the importance of the 
visual -applied aspects of geometry in the solution of "Very complex 
geometry problems. 

Soviet psycholbgists have also studied the problem* Zavallshina 
(1974) looked at the functions of visualization in problem solving. 
She noted two funct^ns of visualikatlon— the' function of fixation 
of informetion in which a visual image is used like a word to repre- 
sent a symbol, and the means of analyaia of lo|[icaI conditions where 
^he drawing is actively used In^ the solution of the problem* 
Zavallshina uses examples from thfr studiee pf Zykova (1969at b) and 
KabaiK>va-4feller (1971) to show how these functloiia ure exhibited in 
school mathemiitics, thus providing" ano'ther en^amf^le of the effective 
commuQlcatlon network among pedatot^^^^ psychological r^Sarchere^ 
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Uttlnj the aacfirtalnlng experlmftnt daacrlbtd abova, Talyxlna 
(1970) Waa abla to Idantlfy two waya In which Ipropoaltlona and 
theorama In gaomatry ara uaad and to ralata thair uaa to auccasa 
In problam aolvlng. By analyzing tha racordad varbal protocols 
of atudanta who ware abla to aolva gaotaatry problama aa wall aa 
thoaa who had little aucceaa, Talyzlna Identified proceaaea that 
ahe called the ''use of objective propoaltlona" and the "uaa of 
operative propositiona." The aubjecta who almply recognized propo- 
altlona related to the problem that referred to propertlea of the 
flgurea involved were said to be using "objective propositions*" 
Those who suggested some proposition that indicated what* should be 
done were said to be using "operative propoaitiona." The uae ^f, 
"operative propositions" showed a goal orientation* Talyzlna found 
a high correlation between the uae of pperatlve proppslclons «n4 
success in solving geometry problems. 

\ > . ' 

Such studies of difference^ of processes in successful and 
unsuccessful problem solutions are needed. Talyzlna obaerved the 
us^ of processes' in subject^ at various levels of sophlihtlcatlon ^ 
in mathematics (el>^mentary, /secondary , college students) » and with 
varying abilities to solve the task problems. Su^h systematic 
observation pf subjects at many points of the knowledge continuum 
as well «as the ability continuum is a technique often employed by 
the Soviets that could be useful in our research on the learning 
of mathematics and on the development of mathematical ability. 

What Talyzlna describes as the "u*e of operative propositions" 
la very similar to what Duncker (1945) describes as "analysis of 
conflict" and to what Is seen In* the Information Processing Model 
of problem solving (Newell and Simon, 1972) as search paths through 
a problem space. Talyzlna^s examples from student protocols In 
which "operative propositions" are used also link them to Polya's 
planning heuristic (1957). "Objective propositions/' on the other 
hand, seem to be related to Duncker's "analysis of the material" 
and the Information Processing System operators that produce sub- 
expressions from another single subexpression. Although diany of the 
classical.^ researchers of prcfblem-solving behavior and, more recently, 
the information processing theorists have studied'^ similar behavior, 
the Soviets have looked at problem-solving behaviors in the context 
of the school curriculum. The comparison of Talyzina's work with 
that at the Western researchers cited again demonstrates the need 
for connunication among disciplines, ^k>st stiidies of complex 
problen-solving behavior here have been done by psychologists, 
generally using "puz'zle type" problems. Yet it is continually acknow 
ledged by American mathematics educators that the ability to solve 
covplex nonroutine problems is a goal of aatheaiatics instruction. 
Research on complex problems of the type used by the Soviets » pre- 
ferably with the collaboration of psychologists, is clearly iieedM. 
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Curricmtum Dex>^topment 

Thm Pcfdagoglcal Institutes in the Soviet Union provide a 
Mchsnism to desl with the problems of communieatlon and collabor- 
ation. The Soviets believe that tfhe primary purpose of reseirrch 
Is the improvement of Instruction^ since ^11 intellectual develop- 
ment is preceded by Innit ruction (Zanfeov^ 1977» p. xi) . Therefore, 
virtually all research and curriculum deve^^opment efforts In the 
Soviet Union are tied together at one of the nation^s many Pedagog- 
ical Institutes. Projects often run for years under the direction 
of a senior researcher working with a staff of oolljeagues or 
proteges. One of the latgeftt curriculum development projects ever . 
undertaken In the Soviet Union was headed by L. V. Zan^kov^ beginning 
in 1957. The f,l rat phase ojf the experiment^ the development of the 
frameji/ork for a nfew didactic system^ took four years^ to compllte. 
This phase used the methodology of the experiment form of the 
teaching experimtnt. 

In this first phase^ each segment of the teaching process ^as 
thought out beforehtiridi carried out, and, subsequently analyzed. In 
addition to studying the cognitive aspects o*f the curriculum, "The 
life of the classroom collective as a whole and each school pupil 
as a unique individual were studied «for a period of four years** 
(Zankov, 1977, p. 39). The experimental classrooms had an adjoin- 
ing room for the researchers. Video (photographs) and audio (tapes) 
reaords were kept. After four years of work on the experimental 
curriculum, members of the staff reported the findings of the 
research at a conference of teaches, and nine teachers were 
selected from among those who volunteered to participate in the 
second phase of "the study, which consisted of an initial implemen- 
tation. The following year twelve schools were added to the original 
nine, which continued to participate in^the experimental program. 
After that, sixth-year textbooks were written to prfp^i^re the mater- 
ials for use by larger numbers of classes. The number of partici-' 
pants increased rapidly every year after that* By thu 1965/66 school 
year, eight years after beginT)ing work on the experlmtntal curriculum, 
there were 1,03A classes participating. All teatlng and evaluation 
data from the participating schools were returned to the Laboratory 
for Problems of Teaching and Development at the Academy of Pedagogi- 
cal Sciences for analysis. ^ ^ 

Aithoughisuch a tightly controlled model is not possible in our 
country since we do not have a national curriculum* some aspects of 
the model could certainly be followed in some of out R&D centers. 
Vrhere^a the Soviet model includes all aspects of research and / 
development, including formative and sumtMltive evaluation of ^« 
develoiM materials as well as the dlssemlnat;ton and implementation 
of the ttat|rials in the classrooii* our nodele have treditionally not 
liK!lui^:^^ last phase, since matetlals developed in projects here 
e|f gMrlBly turned over to comaercial {Htbllshm. It would be 
iateresting to see a project in this country^ even « very small pne^^ 
taken through all of its stages from the initial conce|ftion of the 
problem through the research and davelapment phase » into tha 
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lapl«M4t:atlon phase, and final J.y through a thorough evaluation under 
the direction of a research-and-devc^lopment team under a single 
dlr^ccor. 

Al^ugh none of the major projects undertaken in the U.S. la 
carried cirrmigh on all aspects of the Soviet model from the cpncep- 
tlon of the Idea to the Implementation and evaluation of the 
materials, several projects have reflected some aspects of the 
Soviet model. The writers In the Madison Project, for example, 
worked during the school year and new materials were written as a 
reiult of close work with actual classes. If something weqt well,- 
they would try It in more classes, rewrite, try it again, and so 
forth. If something was going badly they tried to determine what 
it was, and to correct it. This procedure was similar to the 
instructional aspect of the Zaiikov project. The closest We came 
to the evaluation of student performance after implementation was In 
the work of the School Mathematics Study Group (SMSG) , which followed 
through with the NLSMA and ELMA studied. Even the many critics of 
some aspects of the large curriculum projects would have to agree 
that each had some positive impact on the study of mathematics in 
the schools. " . • 



C. Conoluding tiapee 

Only a few examples of research and development practices in 
the Soviet Union in selected areas have been examined » but even 
these few examples should provide food for reflection and, perhaps, 
some Interesting questions and avenues of research to pursue. 
Several other constructs that appear quite consistently in the 
Soviet literature merit s t¥d)^: an^ discussion, if not serious 
exploration. One of the roost " Interesting is the "zone of proximal 
develppment," a concept similar to what we call readiness . The zone 
is seen as the distance between wHat a child Is able to do inde- 
pendently and what can be done with the Hid of some form of 
Instruction. The behavior is studied under a number of cues to 
see how far the child is from acting independently. The concepts 
of curtailment (truncation of the reasoning process (Menchinskayd, 
1969c) 1 and valence (focus on est>ienti^l elements of a concept 
(Artemov, 1975) ] and the device of creating conflict situations 
(Kalmykova, 1967), should be of greaV infcete'st to rc^searchers in 
nsthsmatlcs education, particularly those Interested in processes 
Involved in problem solving. 

Bvsn, the few examples discussed aboVe suggest that w could reap 
treat benefits from a close study of ressarch and development prac- 
tices in the Soviet Union. Certainly there are cautions to be 
•xsrclssd. There are basic differences in philosophy ' that result In 
basic dlffsrsnces in educational practlcs. For cxaiapla* wa have no 
OAtional curriculum, education is left to the Individual states and 
coi^nltles; theic'e is much more ebb Ice in our elactlvas ays tern ^ i«bich. 
ala^ raaults in a vai^iety of natha«atlc» <>fferlng8; the mobility of ^ 



144 



our llfeamrle makes longitudinal^ iltudlaa with small numbers of 
studtnts nJiich more difficult; our teacher-training programs 
contain mucli^ variety , In spite oJE the differences, there are 
many areas wheVe we can learn. The Soviet emphasis on the 
scho6l curricuinm, thetr comihunica»ion networks, and their 
confidence In the integrity of the professional Judgments of 
the researchers could give us new avenues to tread in our s#arch 
for more effective practices in the mathematics classroom. 
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Chaptf r IX 



SuMuiry 
Rob«re B. Davis 

T 

A. Similai^ty and JHff'0rende Are Both Important 

The case for deeper study of Soviet research and development In 
mathematics education Is strong^ and can be stated simply: Soviet 
R and D Is often different from typical U.S. work» and Soviet R and D 
Is often of high quality and. serious Intent. These two facts^ 
together^ Imply that ve can gain substantially from studying Soviet 
work. 

The chapter by Romberg shows clearly the value of pew points of 
view.. One need not — and should not— become entrapped in arguments 
over the superiority of one narrow point of view over some other. 
What Is needed Is , diversity, openness to high-quality alternatives, 
the potential Inclusion of that which has been excluded. The case 
has been well-argued by Alfred North Whitehead: 

In the history of education, the most striking phenomenon 
is that schools of learning, which at one epoch are alive 
wltK a ]^er^ent of genius. In a succeeding generation 
exhibit merely pedantry^ and routine. The reason is that 
they are overladen with inert ideas. Education with 
inert ideas is not only useless: it is, above ^11 
things, harmful — oorruptio aptimi^ peeaima^ Except at 
rare intervals of Intellectual ferment, education in the 
* past has ^>een radically infected with inert Ideas... 

•••Every intellectual revolution which has ever stirred 
humanity into greatness has been a passionate, protest 
against inert ideas. Then, alas, with pathetic ignor- 
ccnce of hvman psychology , it has proceeded by some 
educational scheme to bind humanity afresh with inert 
ideas of its own fashioning. [Italics added] (Whitehead, 
1929, pp. 13-lA) 

If one believes, as Whitehead did. In the Importance of not 
being; bound to a narrow or Incomplete world vlAw, then the two facts 
are enough: Soviet ^rk is good, Soviet work tends to be different, 
therefore we have something to ga4n from studying Soviet work. 

Besides differences there #re also similar 1 1 lee (as » «Mln, 
Romberg shows clearly) • Soviet R and D alme at improving the learn- 
ing of mathematics by students in the Soviet Union^ United States 
R and D aimip at improving the learning of mathematics by students 
in the United States* These two nations have much in, common, as 
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lars« lAodcrn nations, sublccted to th# jitress^s rtid opportunities of 
liidustrlallzatlon.-^ Consequently, at the most fundament a1 levels, the 
fjpDAls of Soviet work cannot be suBstantlaUy different from the goals 
of U.S. efforts. There must be considerable slmllirlty between what 
we need to learn from studying Soviet work, and what we need to learn 
In general. 

Any adequate statement of the case for studying Sovletr R and D 
must reflect these two truths: the Importance of our differences, 
and the fundamental congruence of our basic goals. What, then, are 
the goals of R and D In America? 



B. U.S. Needs 

Any knowledgeable person can compose a long^llst of educational 
needs In the United States. We avoid a long Hat because It lacks 
emphasis arid destroys any sense o£ direction. Like the classified 
ads. It lacks a good story-line. Consider, Instead, the following 
short list of eight Important needs: 

1) The United States needs better oonaeptualizqtions for 
analyzing the processes of mathematical thought. 

2) The United States needs better arrangements for 
developing and implementing improvements in mathe- 
matics oidrricula. 

5) The United States needs a deeper understanding of the 
motivational issues that play a large role in deter- 
mining johat a student will learn. 

4) The United States needs better forums for research 
communications. 

5) The United States needs better forums for the discussion 
^ of value issues and social issues^ as they relate to 

mathematics curricula. 

6) The United StatesTn&eds better forums for discussions 
of the philosophy ^of^research and development in 
education. \ 

7) The United States needs more effective concern for the 
art^ of teaching. 

8) The United States needs better provisione for the aon- 
tinued profeesional development of. teaohera. 

Why Is this llat limited to U.S. needs? Surely any successful 
prograa of Sovlet-li.S. collaboratlbn must be mutually bensflclall 
Of course that Is true, but a reasonable regard for on«*s mandate 
and one*s competence requires that each nation be allowed to define 
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Ita ovn rittfida and goals. T ausfMct that a llat of Soviet goala would, 
on a fundamental I0V0I, show coniildtY«blii. overlap with tha praaant 
llat/ bur. t^at »^iaarly» la for Sovlat c^tlliaguea to' datarmlna for 
thaaaal vaa . 

Thm main argument of this ohapter ie that the determination of 
posaiblfi gains to be had from ctommunioation and cooperation between 
th^ U.S. and the U.S.S.R. in the area of mathematioe education R and 
D must be seen as part of the question: WHAT ARE THE BASIC NEEDS OF 
THE UtflTED STATES^ 119 THIS AREA? 

Tha llat of eight needa presented above was heavily influenced 
by a thoughtful analysis of the sltuatlpn in the United States , 
arising from the work of a committee of the National Council of 
Teachers of Mathematics and reported (excellently!) by James Fey 
(1979) in the Mathematics Teacher. The report draws on thrtte 
sizeable studies of the mathematics situation in the United States 
at the present time: Weiss , 1978; Suydam and Osborne, 1977; and 
Stake and Easley, 1978, 

The picture that emerges is one of a national educational effort 
that shows important successes (else how could we have our space 
effort, our micro-wave ovens, our computers and hand-held calculators 
and Jet airplanes and color TV?), important failures (w^ltness high 
actiool graduates with no skills that render them employable; witness 
tl^e few women who study mathematics;^ wl^tness the mathematical errors 
that pass (almost) unnoticed in signs, advertisements, and even lawa; 
wltheaa the general popular fear of mathematics), and no disposition 
to change. 

Taken together, these reports constitute a "State of the Union" 
message concerning mathematics education in the United States today. 
The flavor is beat captured by a few quotations: 

Statements by mathematics teachers: 

We offer excellent training for the college-bound. « 
For [all students] we offer the discipline that comea 
from a rigorous regime of stufiiy. (Mary Lee Smltll, 1978, 
P- 11)^ ^ 

W«'ve found that traditional methods [of instruction} vork. 
This is the way it was taught to us In high sdhQoi aiidj the 
way it was taught in college and the way it works for us... 
I don't think kids can handle ijnqulry . ♦ .They Just don't 
have the background or sophistication, (ibid., p. 11) 



The problen nost connon to us teachers la t lift we can't 
keep rmal algebra exciting for the students. When the 



.^<^A the reference list, the various chapters of the Caaa ^tuditts report 
cm al^ btf^ fo^n<iv under the listing for ^take and Eaeley (1978). 

■■■■ ;fw?c,-.-" 
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•tudtnts iiak, '•How tm I going to ua« this staff?" our 
usual answer Is foggy. Ths only an8w«r Is in higher 
■sthsmstics." (Danny, 1978. p. 69) 

What Is lacking In tha taxtbook is applied mathaoatics. 
Evan tha avaraga taxf'goes into properties. A kid Just 
doas not have to know •commutative* and 'distributive* 
to function In the world. (ibid., p. 68) 

Hard and boring. That's why I got into math. Trying to 
figure out how to make it not boring. I have been 
diailluBionedv It is a drag. (Ibid., p. 106) . 

R#ildlng Will panic moat of our klda In math^ mvmn some of 
the (best].... If two sentences are given to direct 
students In a mathematics problem^ not more than two of 
thirty can go directly to the work. I don't have time to 
. teach statement problems. We spend too much tlitie on 
theory and not enough on statement problems in the curric- 
ulum* So we are losing a chance to develop a child's 
reasoning ability. Statement problems are the key.^ 
(ibid., p. 71) 

Statement from a SKzience teacher: 

I can see the resUlts of the new math on all the students 
I've had here. As sophomores » they don't know how to do 
long division [and] most don't know how to figure up per- 
centages. It really shocks roe. ..They're lost to science 
as far as math is concerned. (Peshkln, 1978, p. 9) 

statements from elementary school teachers (who, in the United 
States,' are NOT specialists in teaching mathematics, although they 
are the people by whom mathematics is taught — in addition to their 
other duties) : 

Modem mathematics? I dislike it... (The text] shows three 
ways when one will do. The brass tacks are learning addi- 
tion and subtraction. That*s it, (Denny, 1978V p. 31) 

This book has too much esoteric garbage in it. It Is 
sloply too hard. Tha geometry is silly (to try and teach) 
avan for our best third graders.' So we all skip it. 
(Ibid., p. 33) 

Wa ar« fortunate not to have gone way out for the new 
aath. We have stuck to tha basics throughout it all and 
tha results that are cOalng in show we vara right, (ibid., 
p. 33) 

To aathenatics education spaclalists, thasa quotations may 
au8S«*t a weird and disquieting coabination of knowladge and 
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Ignorance » of conplacency and concern* This same Impreaalon la 
•uggaated by commanta auch aa the follovlng^ th« flrat from a 
parent, the second from a atudent: 

Hy klda underatand the baalc number ayatem much better 
than I ever did at their age. ..They know, for Inatance, 
what multiplication to, rather than juat knowing acme 
tablea by heart. In the long run I'm aure thla will be 
a big advantage tp them, especially when ^hey come to 
take algebra or calculus. (Walker, 1978/p. 52) 

Science and algebra and geometry are Juat teaching you 
to think, even if you don' t understand . It Imprints In 
your mind to use a process, tp think for different 
situations that you come across. • •Math — I couldn't get 
by without It. (Peshkln, 1978, p. 33) 

Mathematics classes In U.S. schools emerge from th,ese studies 
aa ''boring" but "comfortable." Consider these statements from 
observers: 

In all math classei!! I visited, the sequence of activi- 
ties was the same. First, answers were given for the . 
previous day's assignment. The more dlffltult problems 
were worked by the teacher or a student at the chalk- ' 
board. A brief explanation, sometimes none at all, was 
given of the new material, and problems were assigned 
for the next day. The remainder of the class was devoted 
to working on the homework while the tl&acher moved about 
the room answering questions. The tnost noticeable thing 
about math classes was the repetition of this routine. 
(Welch, 1978, p. 6) 

A general comment about math classes is that they were 
dull. Science was perceived as being more ^n...I got 
/ the impression many students looked forward to solence^ 

but no one seemed to look forwatd to math. (Ibid., p. 29) 



As Fey points out, what goes on in U.S. classrooms has very 
little in common with the recommendations of the "new mathematics** 
projects, or of the college professors whp recommend "inquiry-based 
teaching'* or ••discovery learnlng^^ or •'laboratory, ex|{)lo rat ion" or 
"Individualized instruction. •• Is lit possible that the ''experts" are 
wrong? Are there realities of classroom life that constrict the 
range of feasible approaches? Welch (1978) reports: 

Although Itvseemed boring to me, students and teachers, 
seaaed comfortable with it. Apparently it fulfills 
student expectations and provides the studants oppor- 
tunity for closure, (p. 6) 
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fmy cites a conuMnt by Hottker and Ahlbrand (1969): 

If tha racltatlon la a poor pedagogical nathod^ «» tnoat 

taachar aducatora long have belleved^^ why have they npt 

been able to deter teachera from ualng it? 
♦ 

Or, la It not poaalble that the practicing teachers are 
right and the profeaaors unrealistic, and the recitation 
— for some reason — la the best pedagogical method? Or 
the only practicable one for moat teachers. (Fey, 1979, 

p. .,s, ^ . 

Intellectual history should teach us not to Ignore the wisdom 
of competent experienced practitioners. But, quite aside from. . 
practitioner wiadom, there Is a question of national need ^ in 
economic and cultural terms, and in terms of the kind of Jbrld 
that our teachers live in, and that our young people are taught 
Co expect/ Is it in fact the case that those who are complacent 
are correct? Is It perhaps true that change is not needed? The 
overall impact of the studies does not suggest an affirmative ) 
answer. As Fey summarizes the situation: 

One could comfortably accept this latter explanation of 
predominant teaching styles and conclude that teaching, 
as It is now commonly practiced In mathematics class^s^ 
is about as effective as one can reasonably expect* 
However, the case studies and the survey produced fre- 
quent comments that students find the study of mathe- * 
matlcs boring and tejachers find motivation of students 
to learn mathematics otie of the roost difficult problems 
xhe^ face. When teachers were asked what aspects af ^ 
their Jobs they most needed help wlth^ q,;p ali" iBvele 
t^y mentioned learning neu teaching A^thotia^ and imple- 
menting discovery /inquiry approa^yheta , [italics added] 
(Fey, 1979, pp. 495-496) , 

There is abundant evidence that all is not well; consider these 
statements by teachers: 

•••I*ve had a lot of spark taken out of me In the last 
two years. We hear administrators talking about meeting 
the needs of students — individualization. But we never 
get time off to develop these things or the financial 
support. • .I^ve talked to them about getting atudai>t- 
teacher relationship. But I find It very, difficult to 
stand up and play Johnny Carson every day. Th# klda 
don^t want to hear lectures, they want to do things. I 
always thought that tha main goal of education vaa teach- 
ing kids, now I find out that the main goal is ManageMint* 
(Mary Lee Smith, 1978, p. 9) 

There la abundant evidence to show thet we are encourag- 
ing superficial leamli^g in some of our (beat students). 
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Sure, th«y do w«ll on th« t«ata. Our iMK«rlaXs on hand 
•iM:ourag* thla. Th« algabrA book» t6t ln«tanc«» !• pur« 
abstraction, the raally good maiao.rlBar can go right 
through and not really have It at all. (Denny, 1978, 
.p. 68) 

< 

Mm nmmd to bm working with t«achcr0, not checking on 
thui. . J Education la ganerally a negative enterprise 
toward children^ toward teachers. It la a highly 
structured reward structure which empHasiseS the nega- 
tive. Those who get rewarded are those who make the 
fewest mistakes.. (Denny, 1978^4^. 8) 

There l^ no way to motivate li certain number of kids. 
They put forth absolutely no effort. I will not be 
held accountable for teaching an untsachable student 
....Why is accountability the teacher's responsibility? 
Why is it always my job to ^solve every problem a child 
Buinifests In school?' I am not in chlarge of the math 
program. So how can I be accountable. for It? (Ibid.^ 
p.; 8) 

I* 

Mathematics teachers painted a picture of '*gping stale^«of 
burning out" (Fey, 1979). Louis Smith (1978) describes the condi- 
tion as: 

A flatness, a lack of vitality^ a seeming lack of 
interest in the curriculum ^y both the teacher and the 
children, a lack of creativity and curricular risk 
taking, a negativism toward the children — they're 
spoiled, they don't care, they don't try^-^and some- 
timas a ilegatlvlsm toward colleagues, administrators, 
and college and university training programs (often 
decades ago), (p. 8A) ^ 

What do teachers think that mathematics really is? Fey. (1979) 
reports: 

Several case study observers asked taachers p> explain 
w^at they saw as the big ideas in mathematics. From 
aleaentary teachers the most common response was that 
mathematics is a collection of ruleci and procadures to 
be learned to a level of near mechanical proficiency, 
(p. 498) 

Prom students (unsurprisingly) ona gats a similar view: 

eeeStudants seem to expect emphasis on facts and memo- 
risation in mathematical along with the naat closure 
that comas froA a dlacipllna with wellHleftjui4 proce-*- 
duraa and "rlght^^ anmwara. In one science claaa a 
eita visitor suggested to studenta that 1they miglit 
find D*Arc^ Thonpaon's book on Growth and Form an 
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Interesting guide to modeling of aclentlflc obeervetlonn 
by mathematics. Hie obaerver comnanted, hovever, that 
1( vaa clear from the atud^ent reaponaea that thli waa 
not regarded as nathanatica. The aame narrow conception 
of dlaclpllnes soema to plague aclance aa well. (Fey, 
1979. p. A98) 

Hov well has R&D bean helping teachers tad ajtudenta? Not ve<:y 
well at alii according to present evidence. Suydam and Oabome (1977) 
reviewed the seemingly relevant R and D literature, and their review 
haa been aummerlzed succinctly by Fey: 

...recent research and expoaitory literature offers little 
Imedlate hope that instructional reaearch will yield new 
Ideaa or convincing support for any exiating strategy or 
technique. Ther^ is no consistent pattern of results *^ 
favoring recitation, dlacovery, small group, or indi- 
vidualized approaches in mathemat;lca teaching; there la 
no demonstrably superior way to identify the kitowledg*, 
experiences, or personal traits of people who will be 
consistently effective, teachera. (Fey, 1979„ p. 496) 

» 

When you go to the supermarket, you had better have along a 
" thoughtful shopping list, prepared carefully beforehand. It la in 
this spirit that, before conaiderlng Soviet possibilities, we have 
tried to ask: what iQ it that the United Statee needs? 



C, The '^Flavor" of Soviet Work 

To put the matter very briefly — leaving the earlier chapters to 
speak for themselves on matters of detail — one mlgl% say that, speak- 
ing very generally and broadly, Soviet R and D work a ho wa common • 
aenae in four important respects, and might be labelled "dynamTc" 
in four different senses. (It should be pointed gut that wey^ae 
"connon sense" here aa a term of approbation. There if enoj&gh 
general wisdom among mathematicians, teachera, and others wno^^^k, 
with mathematics that It is good for things to look ef fectlveTappror 
prlate, and useful.) 

1) Soviet R and D tends to appear to mathematiqiane as aenslble 
inquiries, dealing with the kinds of things that one c area about. 
The Mtheraatlcal content — proofa and constructions in geometry (as 
in the work of Artemov, 1975), algebraic proofs (Knitetskll) , prob- . 
lens In visualization (Krutetskll, Zykov&, Zavalishina, and 
Vladiffllrskli, among others), ratio and proportion, creative problan 
solving (Talyzlna, Menchlnskaya, Artepov, Knit«tskii, and Qthera^)^ 
appears to aathenaticlana to make aanaa; this sort of thing is part 
of the genulna content of real aathamtica^ The kind of thought 



2 

SoM publications by thasa authors ara included on tha list of refer- 
ences . 



161 



136 



PPOO099 that ia studied i» recognlzabl* to « m«th«»«tlcl«n; this !• 

in th« right ball park in tarms of how competant people do think 
•bout mathematics (cf.» e.g.» Knitetakll, 1976). The kinds of 
qu€BtionB that ara aaked wUl be of recognisable Intareat in a 
aat hematic Ian* a view of things. 

/ - . 

2) Soviet R 'and D in mathematics tends to be sensible in the 
eyes of teaahere. When, for example, Kalmxkova^ found that PetrovA 
was an unuaually effective teacher/ she set>^t to determine what 
it was that Petrova was doing that tended to p!?e>duce such good 
results. This kind of question is of interest to all serious 
teachers, and the kind of answers that Kalmykova reported make 
sense to teachers. 

3) l^vlet R and D in mathematics education tends to look 
sensible to the uaere of mathematics; it includes an adequate 
concern for practical problems at all levels of sophistication. 

: . • K 

4) TO an outsider. It' would seem that Soviet R and D is 
sensibly directed toward the national ecoiiomlc needs of the UjS.S.R: 
Finding themselves short of competent computer scientists, the 
Soviets have created special high Schools for prospective computer 
science specialists— the U.S. did this, years ago, especially In 
New York City (as in the case of the Bronx Higii School of Science), 
but In recent years this seems to have been neglected. 

(There ars, of course, some exceptions. . It does seem that the 
present school program in the U.S.S.R. is very formal, making too 
little contact with "shop mathematics** to meet- the needs of future > 
machinists and draftsmen; if this Is true, it sfeems likely that 
attention will be addressed to this issue before much longer. And 
the Soviet shortage of technically t;^ralned people seems very per- 
sistent, which necessarily raises questions about how "^well- tuned" 
the Soviet educational programs actually are.) *^ 

So, in at least these four ways — and one can think of others — 
Soviet work seems for the most part to be "sensible'* and "reasonable.' 
One never gets the feeling that the work Is foolish or meaningless. 

Soviet work is also dyncmio, again in several different meanings 
of the word : ^ ' 

1) It is dynamic in the sense thmt it typically deals with s 
•Ctident*8 thought processes, and not merely his or her answets. 
Krutetskil, among others, makes this abundantly' clear; indeed, this 
appears to be a persistent theme throughout Soviet R and D activi- 
ties. 

2) It Is dynanic in its interest in the "ione of proximal ' 
d«v^op«snt"— that is to say, not juSt inrjhai: is in a child's 
repertoire of reliable knowledge and techniquei, but also what 
the child is ready to move on to, to master, to carry out with 

/ 
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« ■inlmum qf prompts and help from »4ul'6|. "p^ "njOiitjii i^nerlcans. as 
wUl as Russians, this Is often th^ '^ebrl^t^i /Jf fitudent that Is 
of the greatest relevance. For a li>tj1idertt'b'«ginn*n^ we 
care' espeelally that the studejit ill* 1^ a pcfiltlpn to be able to 
learn calculus effectively. This is NOT the sataf thing as the 
s|:atefflen.t that the student poseess^^^^-perhaps what Whitehead 
might call our "Inert" form — prevlc(us knowledge 6 1« say, the half-' 
angle formulas In trlgonometi^y . Many mathematics courses list as 
their prerequisite "adequate mathemaiical mattlrlty." and this may 
well be a correct statement ol the true ^"prefecjiulAlte . One can 
know the half-angle formulas, yet still i«clt **adeqtfat^ matl]|ematlcal 
maturity" to undertake the study of calcultis,^ and viae Vevea^ many 
students who do possess "adequate raathemati'iia,]t imiaturlty" fpr begin- 
ning the study of calculus do not know the lSif-*ngl* formulas (but. 
of course, if In fact they do possess "adequate mathematical maturity' 
they can easily learn these formulas). A ^static llstlM of some of 
the more obvious items that sit on the sh^l^ves of a student's Intel- 
lectual warehouse is not equivalent to An exi^mlnMlon into what the 
student can learm and what the student can\rfc>.' It is this latter 
question which is more Important. 

3) Soviet studies are often dynamic in the sense that they 
follow' the same students for as long as four' years,,, thus dealing 
with the kind of significant growth which is of .the grejitej^t 
interest for serious educational programs. ^(H^re'^^, tof»,' one vcould 
cite remarks of Alfred North Whitehead.) . y \' " ' .^.^^ 

• ■; ' • t 

4) Soviet R and D work Is also dynamic in ; the ^ense that it 
sees education as an urging forward of the child's intellectual 
growth, a deliberate effort to move the child up to higher levels 
of functioning. It is in this sense that Soviets tend to sound 
hostile to Piaget: they find too much in the Piagetlan school that 
seems passive to Russian eyes, resigned to an inevitable pace of 
developmental/growth, with neither the responsibility, not the 
desire, nor the possibility of moving the child forward by de^beir- 
at'e teaching acts. (Piaget la probably not perspnally ' giillty ^of 
such passive resignation, and his oi|n childhood hbtdi,y displayed 
It, but it is an undeniable truth that many self-proVwimed . 
•*Piagetian8" do hold such views.) ^' 

The view that more ambitious .S9hool programs ar« futile Is 
widely held by American teachers. Consider, for example^ the 
following remarks by U.S. teachenrs: 

No algebra should be taught in Junior high. Fortuniltely, 
nature is on my side and very little algebra oan be 
taught in Junior high. (Denny, 1979, p. 102) 

I wish th«y were almost taught no theory down thara. 
Back to basics. That means delaying teaching- of theory. 
(Ibid., p. 102) 

Th«s« arc views the Soviets would disagree with« 
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• Th« lMu« of teaohiy\Q mor^ mathrnnattoe to ohildi*0n im onm that 
d«a«rv«« specliil atrtentlon. Krut«t«kli. Zankov. and Davydo.v (cf . » 
a.g., Davydov, 1975) all r«po4rt» from Ruaaian experiahca, that • 
C!hlldr«n can, indeed, laarn cbnaiderably mora aathamatlca than bha 
traditional curriculum attempta"^ to' teach — although apaclal mathoda 
of taachlng may ba required to achieve auch goala. Thaaa Sf)Viat 
repotrta appear to match vary closoly a larga pumbef of studies 
that have come to the same conclusion, including work by Johntx, 
Kaufman, Page and the present author. Given the conalatfchcy of " 
thla finding, and the reluctance of U.S. teachers to belletre it 
and to act on it, this would seem to be an area where the careful 
combining of U.S. and Soviet expedience could help to resolve yhat, 
at present, is something between a mystery and a dllentoa. 



£>. Some Sp^oifia Aridae for Soviet~U,S. Cooparation and 

Commnioation 

1) We Have Just seen one such area— r<3an children learn more 
mathematics, and, if so, why /ire schools and teachers so reluctant 
to attempt it? 

What* other areas of potential cooperation come strongly to mind? 

2) One, surely. Is the study of the prdoeee of. mat^ematioat 
thought, and in partiautar the pvoaeae, of solving ma^hmatidal prob- 
lama. This has been a matter of concern for decades. If not 
centuries. One relatively early study, by Bloom and Broder (1950)., 
describes .the need as it was seen by those authors at that time: 

Mental processes represent a very difficult and .complex 
subject for study. To a large extent, we have been 
limited In this study by the wide-spread emphasis on overt 
behavior as the major acceptable type of evidence on the 
workings of the mind. Much of psychological research 
attempts to Infer ^rom the observe^ behavior of the Indi- 
vidual what the mental processes must have been^ This 
attempt to m^e an objective science of psychology not 
only limits the kinds of data acceptable to thepsycho- 
logiitt but must necessarily make for many inaccuracies 
in his inferences about the nature of the mental processed. 

^" Ihe handicap placed on the work- of the psychologist by > the 
type of data he regards aa^useful and acientlfic is well 
deaonatrated In the field of Inditrldual dif ferenceii. Much 
of the uprk in thla field is based on the use of va|rious 
types of tests. In these tasts the subject is presented 
with questions which he is to anfwer axid jpro^sM which 
ha is to solve. After some mentuX effort, thi subject ^ 
submits his ans%rera or solutionp for jippraisal try the 
tested. Iif addition, the testet may secute observations 
of the behavior of the subject while taking the test. 
Fro« these data the tester will attefl^>t to draw 
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conclusions about the mental characterlstlca of.tha au^- 
Jact. What la mlsalng la Information on tha procaaa by. 
which the problama are solved. The methoda of attack^, 
tlui atepa In the thinking proceaa*^ the klnda of conald- 
erWtlons uaed tor make one choice rather than another^ and 
the feelings and attltudea of. the subject are negl feted 
/or given very little attention* The products of thought 
— the answers to the questions or the solutions to the 
problems— -plus the observations may give the tester a 
fleeting glimpse Into the co\nplex prcrcesses of thought 
Involved y but usually this la Incomplete and» almost of 
necessity »^ Inaccurate. 

If It were established that the evidence on overt behavior 
or the products of thought had a clear-cut and definite 
relationship to the mental processes which produced them^ 
the psychologist would appear to have ample justification 
for limiting his data to such objective arid easily, 
otjserved phenomena. However, e^ven the most simple 
exploratory studies on responses to test questions reveal 
that the same solution or product of thought may be 
arrived at by distinctly different processes of thought, 
(pp. 1--2) 



\ . The educator » as well as the psycliblogfst^ assumes a 
correspondence between^ men^l products and processes. 
He usually assumes that the Individual who has the 
largest number of correct responses on the final examin- 
, ^atlon Is the Individual with the best or more desirable 
quality of mental processes. Even in class rpori dlscus- 
slpns^ the teacher is generally more conceirhed abo^t the 
accuracy of responses than about the/ methods by which the 
student arrived at his respQnses or^ solutions. In large 
part» this preoccupation with accuracy of responses is a 
consequence of the difficulties of getting information 
about *the processes of thought » th^ limit a^ma of tlme» 
the' large sl^e of classe^^ and the pressureiAr coverage 
of subject matter. In spite of this emphasis on. the 
products of thought » ediicatbts usually agree that good 
habits (or processes) of thought are the Important and 
.significant outcomes of education^ Alsb» €hey would ' 
probably agree that the particular solutions or answers 
given to schoolroom problems are of little consequence 
except irisofar as they. serve to Indicate the quality of 
thm student's thinking, (p. 3) 

Bloom and Brod«r were clearly correct* But at that tlmS'— 1950~ 
in the United States^ the kind of **proce8s" study which t||iey propbsed 
(and carried out) was consideriKl unthinkable if not u6in»ntionable« 
It w*sn't •'objective/' it didn't use statistics/ *it could not be of 
real value. 



ERIC 



160 



SoiM Amerlcdns, of coume, persevered In purnulng Independent 
lines of research (cf., e.g*, the work of Easley, Erlwanger, and 
Glnsburg) , but for several decades this line of 'attack was almost 
coapletely Ignored. In part, there were slttK>st no journals that 
would publish typical results, and probably none at all that could 
ceach appropriate audiences. Somfehow, In Switzerland, Piaget fare4 
better* In the Soviet Union, the general method of Bloom and Broder 
has been perhaps the most trusted (and most often used) method of 
research. 

The value of comparing U.S. and Soviet work in this area is 
entirely clear. Kilpatrick, Stef^c, Wirszup, and-othera have 
already taken sizeable — and v{iluable — steps in this direction. But 
the end is nowhere in sight. Much more use of "Interview metho4a" 
or "process studies" is called for. ^ ^ 

3) However, as Herbert Simon has pointed out, these very 
valuable "naturalistic" observations muQt he related to an appro- 
priath theoretical ^^rhetoria'^ (or set of aonoeptualizations) ^ so 
aa to provide for deeper levels of cmalffsis. 

Fortunately , considerable progress is being made In developing 
such conceptualizations, especially (within the U.S.) In the work of 
Papert, Minsky, Michie, Brown, Simon, Matz, Rlssland, Winston, 
Abelson, Bobrow, Winograd, Larkin, Freiling, McDermott, Rleger, 
Schank, Norman and Rumelhart, Chamiak, Goldstein, Sussman, and 
others»3 a very useful reference on this work is Boden (1977); see 
also Davis and McKnight (1979) and Davis, Jockusch,. and McKnight 
(1978) • While this work is arising in many different contexts — 
computer interpretation of pictures, robotics, computer advice to 
physicians on medical diagnoses^ and language comprehension, for 
example — it is coming to Ibe recognized as a unified field of study,' 
usually either under the name of "artificial intelligence" or 
"cognitive science." Its specific application to the analysis of 
olathematlcal thought and to mathematical problem solving Is being 
carried out by MatZi, Brown, Simon, Papert, and others. 

The chapters by Rachlln and Kantowski report on some similar 
work in' the Soviet Union, and Michie has prepared a volume (pre- 
sently in press) that deals extenslve/y with artificial intelli- 
gence work In the U.S.S.R. Soviet success in programming computers 
to play expert chess provides evidence of the high <|uality of Soviet 
work In artificial intelllgehce (cf. Levy, 1976, on KAISSA, ^a 
Soviet chess-^lAying computer program)* 

4) Soviet work on the neurologies^ basis of learning difficul- 
ties is of outstanding merit. Specific application of such methods 
to learning dlfflc^ltles in mathematics is being carried out in the 
U.S. by Denckla (1979) and Davidson (1979) • There already seeas to 



rublications by some of these authors are cited on the list of 
references • 
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hm affective commimlcut ion between the U.S. and the U.S.S.Il. on 
research of this type — but perhaps less-than-aatlsf actbry coimnunl- 
catlon between researchers in this area and the general world of 
mathematics education* In this case it appears that barriers 
between disciplines are more serious obstacles than national 
borders aqd language differences are. 



JT. Currnoulum Improvement 

V 

In the United States ^ beginning around 1957, there was a 
sizeable effort to improve school curricula in mathematics and 
science. Th^ si^e of this prograni grew^ until by 1968 it had 
reached the level of 20 million dollars per year (Fey, 1979, p. 
493). According to Fey\^ summary of the three large surveys: 
*'(The) survey data ;indicatG that prior to 1976-77 about 30 percent 
of the sampled disttlcta had used one or more of the federally 
sponsored innovative turricul/^ in mathematics, but only 9 percent 
were still using those materials in 1976-77" (data from Weiss, 
1978); 

Beyond any doubt, there -is little impact of the "new math" 
curricula still visible fn U.S. schools today. Fey presents the 
following table: 

■ ^ 

TABLE 1 

Course Enrollments in Secondary Hathematics for 1972-73 
and 1976-77 Thousands) 





. 1972-73* 


1976-77** 


' ~ 

General Mathematics 9-d2 ^ 


2417 


2563 


Business Mathematics 9-12 




609 


Elementary Algebi^a • 


V 205;? 


2825 


.;'Advanced Algebra 


1808 


1317 


Geometry 


1506 


• 1900 


Trigonometry 


- . C171 V ■■ 


460 


Probability/Statistics 


25 \ 


39 


Computer Mathematics ^ 


63 


153 


Advanced Senior Mathematics 


259 


22» 


Calculus 


. .55 


105 


— ■ r ■ ^ • ' 

♦Source: Osterndorf, 1975 
**Source: Weiss, 1978 


■ / 





This table has a number of interesting features, of which w« call 
attention to Just a few. , ^ 



162 



; 

> EnrolloMint In buslnesfl mathematics is up substantially* 
Ito MSF or othar educational program has bean actJ^ve in 
thla area. Fey attributes the increase at leaat partially 
to the increase in interest in consumer affairs* and par- 
tially to the increased desire to acquire Job^-relevant 
skills. 

^ The substantial increase in elementary algebra may be due 

to the increaiie in curricula that take two years to cover 
one year's work in order to accommodate less able (or less 
motivated) students; as a result, some students are in 
effect counted twice in computing "enrollment in elementary 
algebra.** (Of course , a larger numbar of less^able 
students may actually be enrolled, in addition to the 
"double counting.**) 

> The respectable increase in^ calculus enrollments might 
be cited as further (small) evidence that students can, 
indeed, learn more mathematics than most schools teach. 

> The small enrollments for statistics are interesting, 
since considerable emphasis was placed on statistics by 
some of the **new math** projects (though extensive teach- 
ing of statistics was Ignored or opposed by some other 

4 "new math** projects). 

> The notable increase in computer mathematics speak^ 
volumes: once again, technology has a larger Impatt 
than, rhetoric^^, logic, or ii>ersuasion. 

> Nobody seems /able to e^^^lain the very large increase in 
trigonometry enrollments (but with further data the 
■jrstery might be dispelled: for example* to what | 
extent is it due to women realising the Importancci of 
studying more mathematics?). 

i 

A number of worthwhile innovative curriculum improvements were 
developed in thfe United States. Their impact has been somewhere 
^•tveen slight and insignificant. Not only has this pl\«nomenon 
not been explained, it has not really. been studied, although the 
three studies summarized by Fey have made- an Important beginning. 

« 

Anyone familiar with the Madison Project in the United States 
■ust be struck by similarities between it and the Soviet curriculum 
revision fcffort described in Zankov ^ s Obuohenie i Ranvitie (Eksperl- 
«ent<l' No-pedagogicheskoe IssJ|.edov«nie) (1975), abridged and trans- 
lated Into English under the title Tecushing and Dfivelopnant, 

1) lb begin with, the Madison Project started ylth trial teach- 
int in a few claa^roona; the teaching was don* by th* curriculum 
developers themselves. Indeed, t:lie lessons were. In a sense, 
developed "right In the classroom with the students,'^ primarily In 
Weston, Connecticut. Easent4.ally the sane approach was "used in the 

1S8 • A > ■ 
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Zankov study, at School No. 172 In Moscow. wl,th N. V. KuxMtaova 
mm t««ch«r. ("[t would have been a mistake." Zankov writes, "fto ^ 
organize the expuriment in a large number of classes at the same 
time. It was vory important that, in the first stage.... each 
segment of the teaching process be thought out beforehand and later 
analyzed." Tho. Madison Project view was identical. But perhaps 
especially slRuUicant i« the fact that, even in English, orie can 
read more about Zankov 's program than about the Madison Project 
program. ) 

2) ' Trials were gradually extended, over a period of several 
years, to provide experience with more diverse a(:udent populations, 
and (more importantly) to allow for the training of a few more 
teachers who could become experienced with the new methods and 
materials. In ZankovVs "second stage." In 1961. nine teachers were 
Involved: S. M. Budyleva. K. D. Vasil'eva. L. S. VinogradoVa. S. P. 
Mescheriakova. Z. E. Mitoropol 'skaia. T. I. Orlova. Z. A, Snopkova. 
A. I. Sharapova, and M. M. Kosheleva. (Notice in what detail we 
can read about this Soviet "new curriculum" project!) 

3) In subsequent expansion of the Madison Project program to 
more schools and more classes, the original teachers, by now quite 
experienced, formed "leadership cadres." They, and not books, were 
the main repository of the Project curriculum. As they trained more 
teachers, the "leadership cadres" expanded, ultimately numbering 
thousands of teachers, and extending from Connecticut to California. 
Various reports Indicate that Soviet expansion also relJLed heavily, 
upon experienced teachers. 

A) The second major repository of the Madison Project program 
was a set of films, showing actual (and typical) classroom lessons, 
that could be analyzed and Imitated by teachers who wished to learn 
the program. Zankov also used direct recording in several forms, 
including audio-tape recording and photograpljy . ("We tried." 
Zankov writes, "to use photography tq^ tihig bjoadest and fullest 
extent possible. Since photographs were taken by laboratory 
personnel, the camera lens captured the true li^e of the i^upils. 
in all Its naturalness and lacK^ of cpnstraint. Deliberate posing 
for the camera waa excluded.". Every word of that could have been 
written by Madison Project personnel, as well.) 

I 

5) In the United States » typical practice assigns teachers .a 
relatively stereotyped role — for example » many^ textbooks are arranged 
so that whenever the book Is opened^ the two facing pages present 
exdotly otiB lesson^ never rnore^ never less — but U.S,* practice does 
not monitor how teachers deal with that vole* 

♦ 

Th« Madison Project reversed this: the basic role assigned to 
teachers was a flexible one. ^ftin requiring dlagnofls of individual 
student needs, and improvised planning in th#>-classroosi; but' thf^ \ 
P^Jact attempted to provide quite detailsd g^Uda^ce ott.How^ Ifhir V: ^ 
i^role could be hai^^led. In this, th^^l^Jlict. pTtobably" stt^Qd s^aMihere 
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b«twtt«n typical U.S. p^actlc« and typical Sovlat, practice (cf., 
tha chapter by Ronberg) . 

6) Both Zankov and tha Madiaon Project extended grade levels 
upward quite gradually. Each project needed atudents whp had 
completed the new curriculum for grade. N before it was posalble 

to arvat« the curriculum for grade N +• 1. 

ii" , " 

7) Related to that, both Zankov and the Madiaon Project conducted 
their baalc R and D work by following the scone otudenta for four or 
five yeare, since both programs were concerned primarily with rela- 
tively long-term effects on students. 

8) Both Zankov and the Madison Project report, on good evi- 
dence, that students Were i^le to learn substantially more mathematics 
than had previously been thought possible (or had. been attempted). 

9) Indeed, even the mathematical content of the Madison Project 
curriculum resembles the present (1979) Soviet curriculum in many 
particulars . 

10) Zankov reports that, as the implementation of his program 
matured, he found himsedf. becoming more interested in the problems 
of implementation within the established social structure (and con- 
straints) of the schools, and in the influence of home family life 
on students. Both statements are true also for the Madison Project 
(cf e.g. ^ Davis and Douglas, 1976). 



F. Obstaolee to Curriculum Improvement 

The problem of helping a student — or a Qlass — to learn mathe- 
matics is, at least in general, a problem that can be solved, and 
has been, repeatedly. There is good evaluative data on the effec- 
tiveness of student learning (cf., e.g., Dilwortb. 1973). The 
alleged "failure" of the "new mathematics" — insofar ae atudent 
erformanae is aonoemed — Is a myth. The beat of the "new math" 
rograma, when implemented faithfully, produced improvements both 
in student computational skill ocnd also in student (Conceptual under- 
standing (cf. Dilworth, 1973). 

The pvo^lm of teacher eduoatior\ tMeh also solved — at least in 
the sense tnat generally competent teachers who wanted to master the 
new programs, and who attended teacher education programs designed 
for this specific purpose, were in most cases able to use the new 
materials effectively (again, cf. Dilworth, 1973). Hence, at least 
in this existence theorem sense ^ two fundamental problems were 
solved; (1) creating curricula to Improve student leamlns and (2) 
teaching teachers to use these curricula. 

Th« problems which w^re NOT solved, and still have not b««n, in 
the U.S. (and presumably not^ in th« U.S.S.R.), are the two problems 
Zankov refers to: ^ 
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> How can on« carry out «n effective Implementation of 
a new curriculum, within the constraints and confines 
of an on-going achool program? 

> How can one understand, and deal with^ tha vary graat 
affact that home environment and neighborhood peer 
Influences have on student self-concept, asplratlOT^, 
habits, and — ultimately — performance? , . 

I7i4i Eduaational Eatablishment and t^e Professional Teacher 
1» Aesii^tiona 

The difficulties of Impletnentlng new curricula represent k major 
problem. To leave the problem unsolved Is to conc;ede defei^t, sto allow 
the curricula to become Increasingly Ineffective and Increasingly 
obsolete. Increasingly unresponsive to the economic neefis of society 
and to the personal needs of Individuals. But solving the problem 
depends upon many things, ainong them the expectations we have for 
school ay^ems, for universities, and ^or the role of Individual 
teachers. " ^ . 

Here, clearly, different expectations are fk>sslble; Different 
^expectatlofis already exist, as Romberg points out, between U.S. and 
Soviet practice. But even more alternatives can be Imagined, as 
Romberg again poln'td out. 

My personal preference Is to look toward genuinely ^rofessti^nal 
teachers, with an expanded role, an Improved education, and a better 
work situation. Let me 3pe"*Ll this out briefly, drawing on my 
personal experience: 

Imjlgln^ a school where at least some of the teachers are port- 
time teachers. (This Is not novel: we expect somisthiitg of the sort 
from every major university , where a combination of scholarship, 
research, consult ing, and teaching is the normal order of things;) 

Imagine, perhaps, that ^t is a email school (size is a whole 
story in itself), with one or two senior mathematics teachers, 
aasisted by si^veral younger Junior colleagues^ 

This organization matches my personal experience and ray own 
personal needs* As a young teacher (at M.I*T.)» I was expected to 
teach a prescribed curriculum; even the precise, list oif homework 
problems to assign each day was prescribed « In this aenme^ it iSfoa 
a very Russian system. But^ as a novice^ I ptobably xound this 
reassuring and helpful* Today > as a mature taachar with ovar 30 
years experience, I would fi-nd this too confinitis* Such extern^ 
specification v^uld deny iqe the right to use my own professional 
Judgment^ carefully developi^d by 30 yearl^ of studying^ teaching^ 
and experimenting* 
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Today I am Incllnad to aayz I an a tru« professloiial , and I 
want to b« traatad aa auch. (Fortunately, I am. Today/ 1 can daalgn 
tha mathamatics Curriculum for my claaaea« and avan to/a conaldar- 
abla axtent for my school, a high school that la offl9lally a 
laboratory achool.) ^ division of a anall mathamatic^ department 
Into Junior and a^ftnior staff, with curriculum design tha prei;oga- ' 
tiva of the senior staff (which la the arrangement In our laboratory 
achool). Is one possible arrangement. 

Vfhatever assumptions you make about the nature of schools and 
the role of teachers » you must make some. Using your assumptions, 
consider some of the aspects of t^e Implementation of new curricula, 
such i|s the f pi lowing. 

2. Teacher Attitudes 

Teacher attitudes vary fconslderably, as anyone who, has worked In 
Implementation programs can testify. There are teachers who have 
Independently arrived at programs very similar to the specific Inno-- 
vatlpn In question, and Who are delighted to find themselves suddenly 
Iji fashion. Tliere are teachers who recognize many of the short- 
comings of existing curricula, and who hunger for something new. 
And th^re are teachers who doubt the value of the Innovation, or who 
believe that it challenges some of their cherished beliefs, or who 
Just plain don't like lt» Consider these statements from teachers, 
gathered by the surveys: 

I still think America came farther and faster than any 
nation In history under the old method of teaching, where 
we had some discipline In the classroom, we did some drill 
because If was what teachers deemed was necessary, we 
didn't have to try to justify all that we did. (Staff ensen, 
1978, pp. 33--34) 

(Amohg several themes that I, personally, hear i^i this single state- 
ment*^ is a plea from a serious ptofesslonal teacher to be allowed to 
make some independent decisions, to be accepted ad a qualified 
professional.) 

I am using the rote method pretty much because they have 
found out that with a three-level you can spend all hour 
trying to get them to understand (and they can't). (Deimy, 
1978, p. 47) : I 

't . ' 

I dislike our book, not enough drill, lt*e nodem^msith. 

Wa adopted a new book.««.lt haa no re drill, mDre basics 

and I'll like it. (Ibid., p. 11) 

The study of mathcnatlca t«k«s le-^la of naturlty. Tou 
h*v« to take step one before you can tak;* atep two. There, 
is a .definite hierarchy of material. You can'it hope to b^ 
creative until you've mastered the baHlc prograia pf 
atudiea. (Mary Lee Smith, 197d, p. 104) 
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I «■ « v«ry traditional teacher. I uae chalkboat^d. a 
textbook, and handout a. (Denny. p. lOA) 

Fey (1979) aummarlxea the attitudes of many teachers: "The 
current mood, as reflected in the NSF atydlea. i» a aearch for 
stability, choosing from among topics and techniques with which 
teachers have long experience and comfortable f amlllarlty'^^^<iJk^500) . 

Again, when I match this against my personal experience— not as 
a curriculum Innovator, but as a feel a considerable 

responsibUlty for my students, and I am reluctant to undertake tmy- 
tntng that might proves harmful to them (Including anything that 
■Ight fail because I did not know how to make it work). " 

' ' 1?"*" °u* ^^^"^ ""ind those teachers who have enthusias- 

tically embraced the new curricula. Even thousands, among the more 
than a million U.S. teachers, don't figure prominently in random 
iamples. but--8lnce they were the teachers who sought out the inno- 
vative projects— they loomed very large in the experience of the 
various curriculum innovation projects. 

3, Inetiis^tional Conetraints 

We ment;ion only two. but there are many. A common experience 
of curriculum ptojects has been to find a (say) third-grade teacher 
Who learned the project's materials, and used them well, only to 
^'II!^^?^^^^ students the following year to a fourth-grade teacher 
who^ didn t believe in these new-fangled programs" and who refused 
to follow up on the new curriculum strands. In the U.S., this 
usually turned out to be an unsolvable problem. Strong curricula 
tend to require continuity, and continuity (in new programs) is hard 
to provide. 

Where -new curricula required new materials, such as MAB blocks 
or Cuisenaire rods, school ordering procedures usually implied a 
aeuxy of at least one year before the materials could be available 
And by then the teacher who wanted the material had frequently left 
that school, and the replacement teacher did not want the materials 
nor know how? to use them; the materials stayed in the closet. 

4. llTie Professional Teacher 

- / • , . ' 

( The autonomous professional teacher 1« not, in my viaw an 

> liipoaslble myth. ^ Consider these excerpts from statements by 

taachars: . 

Tha NSF Institutes that I attended vara wall worth all tha 

■onay. I»m sura that if I had not ^ttaodad t;h«s« inatl- > 

Cutaa I would not hava bean able to da as g^d « Job aa I " ' 

hava dona... A collage graduate with « dagrae l,n rsatbteaclcs ^ 

!• not really prepared to teach high schooJL. ^ha3f»:4^i|»^t . ' 
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t«Ach you how to d««l with klda and you also don*t gmt 
wuch of a chanca to gat your haad togathar with raapact 
to nath inatructlon. All math taachara ahould ba ancour- 
agad to t-aka an N8F inatituta at laaat avary t^raa .to 
flva yaara. (Sarrano, 1978, p. 30) 

I can taach tham to think logically about raal problema 
in thair livcia today, (Danny, 1978, tp. Ill) 

Mathaiaatica can taach tha atddant hov to think logically 
* and that process tan carry ovar ^to j^nything. To ba able 
to start with a<*aat ojf facts /and reason through to a con-- 
cluaibn is a powerful skl^^l to have» (ibid., p. 112) " 

Nearly all obaervers racognlze the decisive role of teachers in 
our educational system: > - a .♦^ 

Any observer cannot fail t6' be impressed by the fact that 
the tesouri^es tied up in teaching here are almost entirely 
human resources. (WalKer^ 1^78, p. 23) 

When Louis Smith tried to e^llclt generalizations^ about education, he 
found that . , ' ' ' 

^ V 

administrators, board members^ teachers » pupils always 
ended up talking about IndlTvidual teachers. (Louis Smith, 
1978, p. 112) . . / 

And teachers very often are responsible professionals: Mary 
Lee Smith (1978) noted that; one finds some teachers who have "kept 
open a window on the larger ^orld of ideas** (p. 18) ♦ Robert Stake 
concluded that teachers 

saw themselves in a serious, not very lixciting business; 
the business of education. They saw themselves as pratty 
good businessmen, wishing that times would change for the 
better, but confident that they could daliyar" on , their # 
^ promises and pretty well satisfied that therf Is not/ 

really a better way to run the shop. (Welch^ 1978, p.^25) 

I. " » ■■ 

5. Teaaking Aa An Art 

The United Btates has not been generally auccaaaful dn atudyiilg 
and promoting tha art of teaching. Yet In large part teaching is an 
art» and should be studied and perfected aa an iirt« Tmyj <1979> % 
cooBiants: _ 

* ' ' ' , ^ .- ' ft . ' ^ ' 

Onm vmvy l^undamantal factor in the lives ,oif cea'cHatra that 
seems to lead to their loas <>'^^&^llf4^^ 'P^^lt 
limovatlpn la tha isolation of'j^eacneW^e work In the 
^claasreom. .;in one aenaa thia roli| ae tha moXm iKj|tilt In 
a aea of young people offers tKesMndoua fteed6« ei>4 " 
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lBpr«salv« responsibility. But on th« other hand. It 
induces th« separation of the world in school and the' 
world outside of school that la seen by so Ofny teachers^ 
and students to be a serious problen in education today/ 
(r. 499) 

lb bring t«ach«ra Into direct contact with tha davalopnant of 
tmaohing as an art could ba axtramaly valuable, ^onaaquantly ^ 
Kalmykova's study of the avt of teaahing as practiced by Patrova 
la a kind of R and D activity to which tha U.S. should pay haad. * 

6. Rawarde and Motivation for Tsaohmve 

A taacher*a professional conaclanca can be a powerful motlvatln; 
force. As far as Improving the curricula is concerned » there is 
usually no other. 

Teachers tend to resist those things that make their job 
more difficult and are attracted to those thlnga that 
make it easier or more effective. Re8;|tstanoe to Innova- 
tion, appeal of teaching bright students, need for dis- 
cipline, desire for smaller classes, resistance to 
admlniatratlve requests for personal goals are all 
explained by considering teaching in this light. (Welch, 
' 1978, p. 13) - 

, Preaumably there are parallels with Soviet experience. 

7. Linear Constraints 

Can you change the curriculum in grade N without regard to the 
exnectations in grade N+1?- In many cases the answer is: no! Fey 
(1979) coimnents: 

A second, more subtle, factor inhibiting change is the 
reported prevalence at all levels of schooling of a 
••future orientation." Teachers feel a heavy teapoihsl- 
bUlty to get isttudents prepared for the next mathematics 
cburae. (p, 502) 

- ' ■ . ■ < 

8. Swrtaxy: furHautuin Improvment 

It Ji<i»«ittfl clear that cUrriiiului* inprovenent is a continuing and 
Inportaht^ naed iiy aducation i,n;^th% Uiiieed Stataa. . It claarly is, 
mim), in tha So viat Union, whara raport a indicate ^sarioua ahotrta^^aa 
of adaquataly tralnad parsonnel. itia ptoblai^ in' ch# U^Sv 1« tar . 
fro* aolvad, is Fay's axcallaht raport ttaMa MininUy c^«#r:^ 
la lad to assMOMi that It i|ust riot ba truly ^ojv^ i«r tha uls.^wR. 

S*v^, th«n^ Is . 4 ^adhn prvbtm hhat bqth n^tio^^h. ifhoUtd abls 
io work on togethar: M §vftllaHty Pf^)mi^f effdria^ thuB far. \iB most. 
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Btrikingf So, too (ae Romberg ^ a chapter makes olear) , are the 
differenoee in underlying aasumptions. 

\ 

R«0«arch (and devalopiMnt workers In both nation* ara finding thai 
Intaraata turalng, out of neoeaeity, to tha two "corollary" queatlona: 

> How slpmn ona Implamant a curriculum Innovation In oathe- 
matica? 

> How doaa one learn more about> and cope batter with, the 
Influences of home environments and neighborhood peer 
groupa? 

For both of these queatlons^ the dlfferencea between Soviet and U*S. 
aasumptlons are very great Indeed! But that la precisely one reason 
why cooperation In studying the problems can be beneficial. 



H. Forums for Serious Discussions 



In 1969, when KUpatrlck, Begle, Wlrszup, Wilson, and their 
colleagues began the publishing. In English, of selected Soviet R 
and D reports, they made an Important contribution to Improved 
comnunlcation among researcher^. Their work, fortunately,' has 
continued, and should continue for the foreseeable future. 

the matter should, however, ^go further. This Is one" part — 
though an Important one — of a mor^ general problem. Prior to 1969 
there had been no satisfactory forum for the discussion of interview 
studies and process researc'ft: the prevalence of this approach within 
Soviet research was an eye-opener for many Americans. It helped to 
usher in a new era of U.S. research, as the perusal of recent NSF- 
and NIE-funded research projects makes clear. But how does the need 
for communication stand today? For brevity, we lump together seven 
communication needs: 




a) Thi need for communication about intervish) and process 
of thought studies 

^b) The need for communication about theoretical ooncap- 
tuatinations for the details of hi4man information 
\ processing, especially as applied to mathematical 
tlwtight 

c) - ,1[5ie ntiiKi for. sharing filmed, videos-taped, and audio-- 
fd records mathematical behavior 

d) The need for forusa for the diacuaalon of the philoeophy 
. vf k and D work in matheaetlce education " ^ 

'th« n««d for oommnti?ati^n .asroBt- national hotnierB (and. 
In th« present c«8«, betv««R eh* U.S. «nd th* U.S.S.k.) 

176 ■ • ^ 
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f) . Th« n««d for and D dtBoueaiona that tnolude tttaoherB 

r 

• s 

g) Th« n««d for broad and aarloua diacusslona of ourriaula^ 
at av^ry level from flna detail to broad outlina and 
ganaral goals <'t\ 

It vould be quite beyond the ecope of this paper to propoee a ' 
solution to the over --all communlcatlpn gap, but It 1« important t9 \ 
put U.S .-O.S.S .R. communication Into the proper context* In 19i^9 
the action of Kllpatrlck, Begle, Wlrszup^ and Wllaon waa an Ice- ■ 
breaker: the communication gap was othervlae almost complete. . ,^ 

In the decade since then, two relevant journals have appeared^ 
Cognitive Soienae and The Journal of Childreth^a H^thmmtiaal 
Behavior. In add it Ion » two face-to-face forums ifer* created to 
allow researchers to speak directly with one ano^i^er: Invitational 
sessions at the University of Pittsburgh and meetings 6f the Inter- 
national Group for the P:sychology of Mathematics Education, Still 
further » special sessions at AERA meetings are coming to provide an 
Important forum for discussions of research in the applications of 
artificial intelligence' conceptualizations to thfe analysis of mathe- 
matical thought processes. 

Beyond this, publications by, research groups themselves have 
played an important role — for example^ A.I. Memos from the Stanford 
University Computer Science Department and Technical Reports from 
the M.I^T. Urtlficial Intelligence Laboratory. 

The communication situation might be summarized as follows: 



V. Need 
^onun >v 


Interview and 
Process Sttjdles 


Artificial 
Intelligence 

Applied to 
Math. Ed. 


International 


f 

Films » Tapes 


S iS 

a- 


Inclusion* 
of Teachers 


Curricula 


♦ 

Cof^'itpive Science 




yes 






\ 






4. qhild. Math Behav. 


yifs 


yes 
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? 
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som4vh«t 




SOM 






IGPHE 
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yes 


soma 
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y4ls 


yes 
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/Russian tr'anflatlops 
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Cl««rXy, there are Important cono^nlcatlon g4pi that itlll uclit* 
In particular, major questions of curriculum choices havii tiavar been 
ada^iuataly dlscussedi; and at present that:e is no clearly appropriate 
forum. The best answers may come from the National Council of 
Teachers of Mathenfatlcs. For tw:>re general involvemant^, one can - 
imagine effective televl4ttLon discussion — the BBC has achieved this " 
for various slmllai;^ issues — but (despite^ atlMmpts by Cralg"^ Fisher 
and others)^ effective television discussions of such matters seem 
not to exist In thc^U;S^ Broadening the aonwnunioation problem td 
include the need to aonimnioate betxoean the U,S, and the U.S.S.R. 
can make the pvohtem easier to eoliye^ in part beaauee Soviet alter- 
natives can open up new and interesting poseihilitiee ^ 



J. Final Swrmiry 

Me have adequate reason to study Soviet R and D work In mather- 
matlcs education, • In at least the areas mentlot^<»d in these chapters 
and probably others. Both the differences and tl^e slmllarltiea can 
be of value. In developing programs of communication and coopera- 
tion. It la Important to keep In mind the major problems that need 
to be solved In order to achieve more effectdSSre learning of mathe- 
matics, and to improve the lot of students, of teachera, and of 
graduates*. 
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